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INTRODUOTION. 
The importance of fluorspar in the industrial development 
of the country, particularly in the open hearth steel and growing 
almninum industries, has just begun to be fully realized. During 
the World War fluorspar was found to be an essential mineral, but 
it also was found to be one which was not as abundant in commercial 
gra.de as had been supposed. The strong denand:fbr it lead to a very 
vigorous search for new deposits, but with little suocess. 
General Description of Fluorspar. 
Fluorspar is a moderately hard mineral, transparent or 
transluoent, crystallizing in the isometric system, usually in the 
form of cubes. It commonly occurs in crystalline masses, frequent-
ly in well formed crystals, less often in granular form. Its 
color is variable, nearly all colors being known. The most common 
color found, especially in the larger deposits, is white or gray. 
Fluorspar consists theoretically of 51.1 per oent calcium (Ca) and 
48.9 per oent fluorine (F). Fluorspar in quantity analyzing 99 per 
cent is rarely found. By far the lar~st proportion of material 
shipped contains only 85 per cent ea.J.cium fluoride. Most fluor-
spa.r a.s mined contains silica. or caloite, or both, together with 
small amounts of iron and aluminum minerals. Other more or less 
commonly assooiated minerals are galena, sphalerite and barite. 
Fluorspar has a hardness of 4, and a speoifio gravity of' 
3.18. The melting point ranges from 1270° to 1387° C. and is very 
fluid when melted. 
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Fluorspar Deposits. 
Fluorspar is fom1d in nearly all the COW1tries of the world, 
but in many instances the deposits are small, of such low grade, or 
so far from transportation facilities that they cannot be mined 
economically at the present time. As the milling problems of low 
grade ore become better understood and transportation conditions i~ 
prove, no doubt many of the non-productive fields of today will be 
the valuable fields of tomorrow. 
The deposits upon which the market depends are found ·in the 
United states, Great Britain and Germany. Small production has 
been made intermittently from deposits found in France, Canada, 
Argentina., Spain, l;Iexico, South Africa, Australia, Italy, Switzer-
land, Bavaria, and Saxony. Fluorspar has been found in Cu.ba, 
India, China, Guata.mala, Norway, Persia, Brazil, and Bolivia, but 
as yet the quality or quantity of these deposits has not been suf-
ficient to justify commercial exploitation. 
The different depOSits vary in their general geologic forma-
tion. To give a general geologic description of all the fluorspar 
deposits or even a detailed geologic description of one deposit 
would not be in accord with the intent of this paper, but a few 
generalities will be taken up concerning the Illinois-Kentucky de-
posit, wb.ich is the principal source of fluors~r in the United 
States. This deposit is found in a rather small area which extends 
from Hardin and Pope Oounties in Southern Illinois across the anio 
River into Crittenden and Livingston Counties in Western Kentucky. 
Igneous and sedimentary roeks ocour throughout this district. 
The igneous rocks are represented by a number of dikes found near 
the Ohio River; the sedimentary ro~cs represent four systems, 
n&nely, Devonian, Carboniferous, Tertiary, and Quaternary. The 
region has faults Which vary from nearly horizontal to vertical. 
For the most part fluorspar is found in well defined crystalline 
masses along these faults, although there are a few exceptions 
where it is found in horizontal beds or in pockets. The association 
of minerals and the common phenomenon of marked silicification of 
the hanging walls is interpreted as indicating deposition by heated 
ascending solutions. Fluorite crystals are rarely fouijd in druses, 
indicating that secondary enrichment was not a factor in this ore 
deposit. 
Production of Fluorspar. 
The earliest recorded use of nuors];ar was by Agricola, who 
noted its use as a flux in 1529. In the primitive methods of some 
of the smelting processes fluorspar was considered an indispensa.ble 
fluxing ma.terial. Improved methods and equipment enabled smelters 
to substitute lime for fluorspar except in the case of the more re-
fractory ores. This practice continued until the latter part of 
the nineteenth century. 
The earliest recorded output of fluorspar in the United 
States was in 18:55, when a small amount was produced near the site 
of the Old Columbus Mine in Crittenden County, Kentucky. In 1837 
a small produotion was made from a topaz vein near Trumbul, 
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Connecticut. The first record of production in the Illinois field 
was in 1842, when a small amount was produced as a by-product from 
lead and zinc mines. Apparently, however, fluor~ar had little 
or no market value until about 1882, when 4,000 short tons were 
produced in the United states, valued at $20,000. Production and 
price varied throughout the succeeding years, reaching, in 1918, 
a maximum of 263,817 short tons valued at $5,465,481. 
During the early days of fl uorspar it was primarily mined 
as a by-product from lea.d and zinc mines. At that time small, 
unsystematic operations prevailed. The mines were worked by short-
time leases which often included small sections of the vein--fre-
quently only one hundred feet. No effort was made to thoroughly 
work out the vein. Only the best and most easily acces~ible 
grades of ore were removed before the contractors abandoned their 
leases and asked for new ones, thereby leaving no record of their 
workings. Subsequently the workings caved, and at present it is 
very difficult for the new producer to take up the work where the 
pioneer left off in order to bring the mine up to modern sta.ndards. 
Uses of Fluorspar. 
The records indicate that the earliest use of fluorspar in 
the United States was as a flux in smelting refractory ores. The 
most important early use of fluorspar from the point of tonnage 
consumed was in the manufacture of opalescent glass, enamels, and 
hydrofluoric acid. This situation continued until 1898 When the 
value of fluorspar as a flux and cleaning agent in the basic open 
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hearth steel process was first realized. The demand for fluor-
spar as a result of this new use has steadily increased, until in 
recent years 80 to 85 per cent of the world's production is used 
for this purpose. 
The following table summarizes the distribution of fluor-
spar among the industries: 
Table I: - Distribution of Fluorspar in the Industries. 
Consumer 1921 1922 192~ 1925 1926 Percent Percent Percent Percent Percent 
Steel Industry 7~.O9 86.44 80.00 80.82 82.~~ 
Glass and Ena.me 1 ware 16.02 6.29 9.10 8.81 8.51 
Industry 
Hydrofluoric Acid and 5.24 3.38 5.57 3.91 2.61 
Aluminum Industries 
Foundry 4.~ 2.12 2.68 5.53 4.84 
Miscellaneous 1.30 1.77 2.55 O.9~ 1.66 
The chief purpose of fluorspar in the manufacture of steel 
is to render the slag more fluid. When the slag is sufficiently 
fluid the transfer of heat from the flame to the steel beneath 
the slag is hastened. Thus, the time and duration (Df the heating 
is reduced and the increased fluidity of the sla.g enables it to 
be drawn with less difficulty. In addition to these advantages, 
fluorspar serves other purposes by virtue of its chemical a.ction, 
namely. its tendenoy to eliminate sulphur and phosphorous. 
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The average quantity used per ton of steel varies within 
wide limits, from as low as four pounds to as i:ligh as twenty 
pounds, usually averaging eight pounds per ton of steel. 
The specifications for fluorspar as used in the steel in-
dustry call for a sized product ranging from a maximum of about 
3/4-inch diameter down to a fine dust; houever, the fine material 
must not exceed 25 per cent through 20 mesh. A minimum of 85 per 
cent fluorite and a maximum limit of 6 per cent silica is stipu-
lated. This type of are is known on the market as gravel spar. 
Fine mesh fluorstar can be used, but some of it is lost in the 
furnace draft, and for this reason is Objectionable to the steel 
industry. 
At present no ecouomic SQbstitute for fluorspar in the steel 
industry is known. 
In foundry practice fluorspar is used for the same rea.sons 
that it is used in the steel industry. It is also believed by 
some to make the iron more malleable and to increase the tensile 
strEngth by slagging off impurities. By this ~ractice cast iron 
is made softer without decreasing its wearing qualities. Its use 
allows sharper castings. The speoifications of fluorspar for use 
in foundry praotioe are the same as for the manufacture of steel. 
Fluorspar is used in smelting refractory ores of gold, sil-
ver, and copper and, to some extent, in both the snelting and re-
fining of silver-lead ores. The purpose of its use and the speci-
fications are the same as noted above. 
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In the manufacture of opaque or opal glass and enamel-ware 
fluors~r is used as a source of fluorine, which with the aluminum 
furnished by feldspar, kaolin, or lepidolite imparts an opalescent 
white color to the glass. This coloring is due to the colloidal 
suspension of very small particles of aluminum fluoride. The 
trade requires 80 to 100 mesh material with the following analysis: 
. . • • • • 95 to 98 per cent minimum 
• • • • • • •• 1 to 3 per cent maximum 
• • • • • • • • 0.1 per cent maximum 
Trace maximum. Pb, Zn, and S • • • • 
The amount of fluorspar used in the charge in the manufac-
ture of opal glass is from 20 to 30 per cent. In the manufacture 
of enamel-ware from 5 to 7 per cent per batch is required. 
Fluorspar is also used to make hydrofluoric acid, which in 
turn is used for the manufacture of fluorine compounds, such as 
artificial cryolite and sodium fluorite. 
The aluminum industry uses cryolite in the extraction of 
aluminum metal from aluminum oxide (AlaO,). Sodium fluorite is 
used as a wood preservative, food preservative, and an antiseptic. 
When fluorspar is used in the manufacture of acid it is furnished 
in lump or ground form, with a minimwn of 98 per cent fluorite and 
a maximum of one per cent silica. This material is known as acid 
spar. 
- , -
In the past the higher grades of ore demanded by the market 
have been obtained at a great sacrifice of ore reserves, that is, 
only the high. !STade ore was used. If the ore Vla.S milled the be st 
grade was hand-picked, while the gravel grade was made by crude 
log washing. After capital became interested, the industry 
adopted jigs and tables, but with the best methods of jigging and 
tabling a large percentage of fluorite is still being lost in the 
mill tailings. The industry is now interested in developing methods 
whereby a hign grade conoentrate may be made from a fair grade of 
mine run ore, that is, the manufacture of aoid spar, which is the 
object of this research. 
Requirements in the Milling of Fluorspar. 
The re~irements in the milling of fluorspar depend upon 
the nature of the ore and the demands of the industry. 
into: 
The impurities or associated minerals 'l!lB.y be roughly divided 
(1) Those which have no harmful effeot in the common 
me~od8 of utilization, and Which may be classed 
as only diluents. 
(2) Impurities whioh are really injurious in the pro-
cess for which fluorspar is used, and which must 
be entirely eliminated or reduced to a very small 
percentage. 
The classification of the impurities depends upon the pur-
pose for which the mineral is to be used. 
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While the so-called harmless impurit:Les a.ct merely as di-
luents, they are not tolerated in large quantities of merchantable 
fluorspa.r. Thus, ordinarily the lowest grade of fluorspar is the 
gravel grade which contains at least 80 per cent fluorite and not 
over 5 per cent silica. The remainder is generally calcium car-
Donate with small amounts of the harmful impurit ies. The problem 
of milling, therefore~ resolves itself into the elimination of all 
injurious impurities present, thereby raising the grade of the ore 
to meet the specifications. 
Figure 1 (Page 10) Shows a flow sheet of one of the old-time 
mills. This flow sheet is followed, with same changes, to meet 
the advanced ideas and demands in mill construction. 
The demand for a gravel ore and the comparatively easy me-
thod of obtaining this size by jigging and tabling has caused a 
tendency on the p:l.rt of the producers to neglect the fine me sh 
material, although it contains a high percentage of fluorite. The 
recovery of this material has been primarily in the hands of the 
mechanical engineer. He has been quite successful when handling 
sulphide ore with a heavy mineral and light gangue, which will 
yield a concentrate by simple methods. However, when an ore in 
whiCh the variation of specific gravities is small, as is the case 
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The interdependence of the classifier and table may be 
easily passed unobserved when concentrating an ore in which the dif-
ference in specific gravity between mineral and gangue is as muCh 
as 4. Vfuen heavy mineral is locked with a gangue so that the ore 
contains chats of various densities the interdependence of the 
olassifier and table must be taken into account if the locked miner-
als are to be recovered. The recovery of fluorspar is analogous 
to the locked mineral of the sulphide ores. 
The Illinois-Kentuoky ore in many cases is intimately mixed 
with gangue, which for the most part is composed of calcite, quartz 
and quartzite; in some oases lead and zino occur in varying amounts. 
Calcite and fluorite have nearly the same specific gravity 
and the ratio of their weights in water is not very favorable to 
water concentration. Gravity conoentration, however, is more desir-
able than flotation when gravel spar is required. 
Trommel or screen classification of the plus 2 Mm. size has 
been made easily, but when handling minus 2 DIm. size many diffi-
oul ties were encountered and the attempt to handle this fine material 
was oonsidered impractical by many producers until recently, when 
new interest has been taken in this phase of milling. 
It is well known to metallurgists that successful tabU.ng of 
fine material can only be obtained when a sized or classified feed 
is used, but the application of this principle to practice has be~ 
tardily applied. Screens and various methods of olassifying have 
been tried but with unsatisfactory results, probably due to the ab-
- 11 -
senee of a thorough knowledge of the ore at hand and the proper ap-
plication of the principles of classification. 
~ne successful concentration of fluorspar depends as much 
upon its tj~e and the physical properties of the mineral itself as 
upon the associated impurities. This problem of removing all the 
above-mentioned impurities and diluents is very acute in the fluor-
spar industry. The loss of fluorite in the tailings is quite high, 
especially in the finer sizes, and for this reason it was thouf;nt 
that a better knowledge of concentration could be obtained through 
a close study of the application of hydraulic classification princi-
ples to a fluorspar ore. 
CLASSIFICATION. 
The subject of classification will be taken up in the follow-
ing ma.nnert 
(1) The reasons for classification and the different methods 
used. 
(2) Laws and principles of classification. 
(3) Experimental Investigation of classification. 
Reasons for Classification. 
The general principles of classification are largely taken 
1 from observations made "by Richards. 
lRichards, R. H., and Locke, Chas. E., A text book of ore dressing; 
1925; second edition. McGraw-Hill 300k 00., New York. 
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In order to concentrate and separate the valuable minerals 
in the crushed ore some sort of preliminary treatment is usually 
necessary. Many tests on the jerking table have proved the following: 
(1) The results obtained with unprepared feed is completely 
outclassed and surpassed by sized or classified feeds. 
(2) Classified feed is as advantageous as sized feed, and 
in case of much middle-weight mineral it is probably 
more advantageous. 
If a nAt-ural or unprepared product is put on a table, a midd-
ling which contains large grains of concentra.te, tailings which con-
tain too much mineral, and a concentrate which contains too much 
gangue will always be made. Sized or classified feeds reduce these 
losses. 
There are two methods of preparing table feeds. First, we 
may size it with screens; second, we may divide the ore into a ser-
ies of products, in each of which the grains have a.pproximately 
e,ual settling ratios, that is, perform hydraulic classification. 
When sizing is employed the limiting sizes of the successive 
screens depend upon the nature of the ore. In a general way, the 
greater the difference of specific gravity between the mineral and 
the gangue the greater may be the ratio between the diameters of the 
openings in successive screens, that is, a. less number of limiting 
screens will be required. The limit down to which screening can take 
place and beyond \\hich hydraulic cla.ssification should be used must 
be decided for ea.ch individual ore. 
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Principles of Classification. 
In studying the laws of classification by settling in water 
we have two conditions of the settling of grains to be recognized. 
~ney are called free-settling and hindered-settling. 
Free-settling takes place where individual particles fall 
freely, either in still water or against an opposing upward current 
without being hindered by other particles. 
Hindered-settling takes place where particles of mixed sizes, 
shapes, and gravities in a crowded mass-yet free to move among 
themselves--are sorted in a raising current of water. The velocity 
of this current is much less than the free falling velocity of the 
particles, but yet fast enough so that the particles are in motion. 
The rate of falling for particles under free-settling con-
ditions depends, other things being equal, upon: 
(1) Specific gra.vity--of the two particles having different 
specific gravities, th.e one having the higher gravity 
will fall fa.ster. 
(2) ~-of two particles, the larger one will settle 
faster in the water. 
The specific gravity and size have a further effect upon the rate of 
acceleration of the particles during the time they are acquiring 
their full velocity, that is, before they reach the point Where the 
friction of the water, plus the force of the rising current, if 
there be any, balances the force of gravity. ~nis effect is: 1~t 
of two particles which are equal-settling, the smaller particle with 
- 14-
the higher specific gravity reaches its full velocity quicker than 
the la.rger particle with a lower s~cific gravity, or, in other words, 
it ~laS £s"Teater acceleration. 
(3) Shape--of particles which just pass through the same screen, 
the roundish grains settle faster than the long, narroVl 
ones, and the latter settle fastsr than the flat g-rains. 
(4) Air Bubbles--of two particles, one of wnich retains adher-
in:_: air bubbles vihile the other does not, the latter will 
settle more rapidly. Water is sometimes so chd-rE;ed with 
air that bubbles form upon immersed grains and tend to 
float them. 
Passing from free-settling to hindered-settling does not give 
a definite dividing line; upon one side grains are obeJing the laws 
of free-settling and upon the other the laws of hindered-settling. 
In order that hindered-settling conditions may be obtained 
a quicksand column Illllst be maintained in which the grains are able 
to move up or down freely and at the same time the disCharge must 
be free. To do this the velocity of the riSing current must be 
enough to keep a definite volume of grains of a certain size in a 
s~ate of full teeter. 
~ne moment hindered-settling conditions are reached a new 
condition of affairs from those of free-settling must be taken into 
consideration. A lar~~r part of the sorting column is occupied by 
sand and the actual velocity of the water current in the inter-
stitial spaces is much greater than is indicated by the velooity of 
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the column. In other words, a rising current WhiC~l is tota.lly un-
able to lift a single grain of a given size is able to keep in full 
teeter a considerable mass of grains of the same size and weight. 
The essential difference between a product classified under 
hindered-settling conditions and one classified under free-settling 
conditions is the higher ratio between the average diameters of the 
lighter and heavier particles in the case of hindered-settling. 
High ratios do not, however, mean hindered-settling or even good 
classification. It is possible by over-feeding a free-settling 
classifier to throw large grains of light mineral, which should go 
into the first spigot, into a latter spigot and thus obtain high 
ratios. It is evident that a product of this sort is not suited for 
efficient tabling. In the free-settling classifier there is a 
great tendency for fine particles of lignt material to be carried 
down mechanically into an earlier spigot than that in which they 
belong. This holds true to a considerable extent even in the most 
perfect classifiers and under the best conditions. In the case of 
the hindered-settling classifier, the fact that the grains are kept 
in a state of agitation in the quicksand column, constantly collid-
ing with neighboring grains and teetering up and down, tends to 
break up such couples and allow each grain to take its proper posi-
tion. 
The ultimate aim of hydraulic classification is to divide 
the ore into gra.ded products, each of which is made up of relatively 
coarse ga.ngu.e and fine mineral. 
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Experimental Investigation of Classification. 
A sample of mill tailings from the sludge pond of the Haffaw 
Mill, situated on the Tabb Vein, Mexico, Kentucky, was selected for 
study. Two reasons justified this selection. 
(1) The largest loss of fluorspar is in the minus 10 mm. 
material; the sludge pond tailings consist primarily 
of tilis size. 
(2) The tenor of this ore is: Silica - 17.93 per cent; 
Calcite - 1.88 per cent; and jj'luorite - 80.19 per cent. 
T"ne small size and high silica con-cent outlaws this ma-
terial from any market. If the fluorite can be raised 
to a 98 per cent minimum and the silica dropped to a 
one per cent maximum, a keynote has been sounded where-
by a loss can be turned into a profit by all fluorspar 
companie s. 
Apparatus: 
A small glass laboratory classifier v~s used for the pre-
liminary study of classification principles and. is shown in j?igure 
2. It consists of a glass tube 24 inches long and 3-3/4 inches 
in diameter. The holes in the constriction plate at the bottom 
of the glass tube are l/16-inch in diameter, centers spaced 
1/4 inch after the manner of equilateral triangles. The water for 
hydraulicking was forced through the constriction plate and discharged 
at the top. 
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Figure 2. The Glass Laboratory Classifier. 
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A. six-spigot laboratory size Ri chards hindered-settling 
classifier was used for lar&~ scale work and is shown in Figure 2-A. 
For the concentration tests on the coarser mat~rial a quar-
ter size Butchart table, IvIodel 6, was used. 
A quarter size Deister-Overstrom table was used for the 
finer sizes. 
For making screen analyses of the products from the above-
mentioned apparatus, the fourth root of two sieves--Tyler standard 
screen scale--were used. 
The assays were made by the float-and-sink method. Acety-
lene tetrabromide was the separating medium. It was kept at a 
constant specific b~avity of 2.95 to float the calcite and silica, 
and sink the fluorite. The calcite was then determined by differ-
ence after dissolving it out of the float with dilute hydrochloric 
acid. This method of assaying was adopted for several reasons. It 
is much more rapid than chemical analysis, and, for the study of 
classification, where the specific gravity of the grains is the most 
important feature, gives a more accurate interpretation ot the efti-
ciency ot the classifier than does chemical analysis. The observed 
accuracy ot the float-and-sink method will be mentioned later. 
Content ~d Distribution o~ F1uor~r in ~lo: 
The sample trom the Haftaw sludge pond contained some foreign 
matter and muddy slime. The COarse foreign m&tter was removed by 
scalping on a. 10 mesh soreen. The slime \l&S removed by treating it on 
a concentrating table which. was opera.ted as a. desliming machine. 
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Figure 2-A. Richards Hindered-Settling Classifier. 
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A screen anal;{sis of the material cleaned as above stated 
is given in Table II. This table gives the silica, calcite and fluo-
rite content. An examination shows that the silica. content decreases 
moderately down to 65 mesh; from 65 mesh downward the reverse condi-
tion is true. This increase in the silica content in the finer 
meshes makes the classification of the fine material, which at best 
is very hard to classify, doubly difficult. 
We are now familiar with the ore to be classified and the 
iollovnng questions must be answered before we can intelligently 
proceed with classification: 
(1) What are the settling ratios of silica, calcite and 
fluorite? 
(2) How many spigot-products are. required? 
( 301 What weight of material should each spigot let down? 
An independent method is used to obtain answers to these 
questions. In other words, the method of procedure has been worked 
out independently of the methods given in the literature. The 
settling ratios will next be discussed. 
Hindered-Settling Ratio of Calcite and Fluorite.: 
The glass classifier was first loaded with a 32 to 35 mean 
fluorspar are containing calcite and fluorite. The are stratified, 
giving clean fluorite in the lower stratum and clean calcite in the 
upper stratum. 
The test was continued to find the size of fluorite that 
would have an equal falling velocity with calcite. The classifier 
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Table II. Screen Analysis of Sludge Pond Tailings. 
'{[eight Assay Distribu- Assay Distribu- Assay Distribu-
Screen Size Per cent Per cent tion of Per cent tion of Per cent tion of SiOa the Sica CaCO:s the CaCOa CaFs the CaF2 
-10 + 12 0.63 18.03 0.63 2.12 0.71 79.85 0.62 
-12 + 14 1.57 17.64 1.56 2.28 1.90 80.08 1.57 
-14 + 16 1.98 17.28 1.91 2.66 2.81 80.06 1.98 
-16 + 20 2.06 15.32 1.78 3.20 3.49 81.48 2.08 
-20 + 24 2.97 15.39 2.55 2.10 3.32 82.51 3.06 
-24 + 28 3.06 15.69 2.67 1.97 3.19 82.34: :3.13 
-28 + 32 5.29 16.21 4.83 2.03 5.68 81.76 5.32 
-32 + 56 4.40 15.74 3.87 2.06 4.81 82.20 4.53 
-:35 + 42 6.91 15.22 5.86 2.02 7.43 82.76 7.14 
-42 + 48 6.98 14.51 5.63 1.97 7.33 83.52 7.31 
-48 + 60 8.90 14.36 7.12 1.92 9.07 83.72 9.29 
-66 + 65 8.06 14.23 6.39 1.79 7.66 83.98 8.44 
-65 + 80 9.M 16.10 8.37 1.75 8.68 82.15. 9.57 
-90 + 100 12.62 180 22 12.80 1.59 10.64 80.19 12.63 
-100 + 115 8.78 21.13 10.34: 1.74 8.13 77.13 8.45 
-115 + 150 5.79 20.83 6.73 1 • .,0 5.24 77.47 5.60 
-150 + 170 5.35 30.27 9.05 1.63 4.65 68.10 4.54 
-170 + 200 1.80 27.31 2.74 1.96 1.87 70.73 1.59 
-200 + 270 3.00 25.46 4.26 1.78 2.84 72.76 2.73 
-270 + 325 0.5,1 31.93 0.91 2.04 0.55 66.03 0.42 
100.00 17.93 100.00 1.88 100.00 80.19 100.00 
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was charged with 32 to 35 mesh calcite and 35 to 42 mesh fluorite. 
Hydraulic water was again applied. The fluorite again stratified 
in the lower l~er and tl~ calcite in the upper layer. The classi-
i'ier was again charged with the same 32 to 35 mesh calcite but with 
42 to 48 mesh i'luorite. Neither mineral stratified and thus the 
equal-falling condition was obtained, that is, 32 to 35 mesh cal-
cite was equal-falling with 42 to 48 mesh fluorite. The ratio of 
the diameters of these equal-falling grains is determined by the fol-
lowing method: 
The average diameters of the calcite and fluorite particles 
were calcula.ted from the dimension in millimeters of the openings in 
the screens used. We have two square openings, ! and!. The areas 
are as>. and bB • The avera.ge diameter is found by taking the square 
root of the average area. 
The area of A s as 
The area of B .. b8 
The area of A and! .. ~ 
Substituting in this equation the diameter in millimeters of 
the 32, 35, 42 and 48 mesh soreens we obtain the average diameter of 
the calcite and fluorite particles, for e~ple: 
(A) Average diameter of 
eal~ite p~rtiole8 .. .. 0.458 mm. 
(B) Average diameter of • 1-- a • 
fluorite particles .. ~ 0.3618 ; 0.295 • ... 0.324 mm. 
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Dividing equation .A. by equation B we obtain the ratio of the dianst-
- -
ers of the equal-falling gra[ns: 
0.458 a 1.41 ratio. 
0.324 
This experimentally determined ratio varies from the theo-
retical ratios obtained for both free and hindered-settling. The 
~~stomary formula for free-settling ratio is: 
(da - 11 
(d~ - 1) 
Where Dj. and DB are the respective diameters and ;!1. and da are the 
res:pective densities of the :particles. 
In the case of hindered-settling the :pul:p density of bre 
and water in the sorting column will aJ. ways vary as the amount of 
are varies. The average s:pecific gravity of ore and water in this 
sorting column is 1.5, as experimentally determined by Richards, 
where the bulk of material in the sorting column is quartz. Rieh.-
ards, thus implies that this nwnber-l.5-is variable with the are 
in the sorting column. 
If this number is ~bstituted in the above equation, we 
have a formula for the ca.lcu.lation of the hindered settling ratio, 
for example: 
D1 (da - 1.5) 
--------:-- . 
DB (d~ - 1.5) 
Thus, sUbstituting the densities of fluorite and calcite for 
and d , res:pectively, we obtain the following results: 
--1 
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The expression is: Fluorite (3.15 - 1) 
Calcite (2.72 - 1) = 1.25 free-
settling ratio, where the fluid (water) has a density of one. If 
1.50 is used to represent the density of a qutcksand pulp the ex-
pression is: 
Fluorite (3.15 - 1.50) 
. = Calcite (2.72 - 1.50) 1.35 hindered-settling 
ratio. 
If the free-settling and hindered-settling ratios for quartz 
and galena are calculated in the same malk~er, 3.82 and 5.00, respec-
tively are obtained. 
Although the above calculations are not correct according to 
the revised formulas as found in the textbooks ~1ich give 3.99 free-
settling and 6.95 hindered-settling ratio for quartz and b~lena, 
they have approximately the ,same relation to one another and serve 
to illustrate ,that when dea.ling with quartz and galena. the differ-
ence between free and hindered-settling ra.tios indicates that hin-
dered-settling has advantages to be desired. But, as shown above, 
the difference between free and hindered-settling ratios as found in 
fluorspar ore is not enough to justify much stress being put upon 
hindered-settling classifiers. In other words, the advantage of 
hindered-settling decreases as the difference in specific gravity 
between the mineral and the gangu.e decreases. 
The stress should be placed upon the classifier that will 




By f·u.rtller study of the action of the class classifier we 
are a-ole to determine the theoretical number of spi~'ots necessa.rv 
w " 
for the classification of the ore at hand. 
The results obtained in this experiment show tl1..a.t calcite 
of~2 to ~5 mesh has equa.l~falling rate with fluorite of 42 to 48 
mes:::1. This leaves a gap from 35 to 42 mesh in the screen scale. 
We know from experience that this gap is filled. Wha.t it is makes 
no difference from a practical standpoint because it is sized, and 
sizing here is tne important item. Therefore, the upper AAl;f of 
this gap can be assumed to be filled with calcite and the lower 
half with fl:u.orite. Thus the results obtained in the glass classi-
fier supplemented by the above assumption is shown in Figure 3. 
Here we have pictured ideal classification of a calcite-fluorite ore. 
The mesh of the spigots, as numbered in this :figure, is as-
sUllled for illustration only and mu.st not be confused with the data 
from the actual laboratory spigot products. In this figure we have 
assumed that Spigot 5 will let down 20 to 24 mesh calcite. Then 
from the results of the glass classifier 28 to 32 mesh fluorite will 
have an equal-falling rate. 
The calcite is represented by a plain circle and the fluorite 
by a circle divided into quarters by cross-lines. The calcite and 
fluorite, which have been assumed to fill the gap, are represented in 
the same manner, except that the circle is a broken line. The mesh 
and deportment of the succeeding ideal spigots are shown in Spigots 
6, 7, etc. 
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Figure 3. Ideal Classification of a Fluorite-Calcite Ore. 
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The reason for starting with Spigot 5 is that the product 
of a spigot depends upon Whether the original feed is classified or 
sized. If the original feed is classified the product of the first 
spigot is similar to subsequent ~igots, but if the original feed 
is sized the first spigot should let dawn a concentrate. The next 
few spigots Vlould have a tendency to do the same and are not so 
well adapted to the demonstration. Hence, the first spigot in this 
consideration is Spigot 6. 
rn Figure 3, just discassed, we have built up a premise for 
the calculation of the number of spigots na cessary for hydraulic 
classification of an ore. 
If the several spigots are followed through as shown, one 
can readily see that for a fluorspar ore the classifier must have 
a spigot for everyone and one-half mesh in the sizing analysis of 
the feed. Now we have the number of spigots necessary, that is, an 
ore with sizes spreading over 15 meshes, would reqaire ten spigots. 
T'n.e next question to answer is the &mount that ea.ch spigot 
should be allowed to let down. It may be seen that if a ton of 
feed to a classifier contains only one hundred pounds of equal-
falling material, as indicated by Spigots 5, 6, etc. and the 
spigot is allowed to let down 300 pounds, classification is certain 
to be ruine~. Hence the rate of flow of a spigot is an important 
fa.ctor. 
The illustrations in Figure 3 are brought to a numerical 
basis in Table II-A, which is Table II cu.t down to a working basis 
tor this illustration. 
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Table II-A. Illustration of Ideal Spigot Distribution of Silica, 
Caloite and Fluorite as Per Soreen Analysis. 
Soreen Size 
- 10 + 12 
- 12 + 14 
- 14 + 16 
- 16 + 20 
-20 + 24 
- 24 + 28 
- 28 + 32 
- 32 + 35 
- 35 + 42 
-42+48 
- 48 + 60 
- 60 + 65 
- 65 + 80 
- 80 + 100 
-100 + 115 
-115 + 150 
-150 + 170 
-170 + 200 
-200 + 270 
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It is assumed the,t if calcite and fluorite are given the 
proper consideration, quartz and quartzite will take care of them-
selves. Therefore, we may assume that the silica will stand one-
half mesh above calcite and then spread through the same amount of 
space. In ideal classification (fed through a limiting screen) the 
first spigot would consist of the coarsest one and one-half mesh of 
fluorspar. ,!LIhe subsequent spigots are shown in Ta.ble II-A. When a 
line passes through a. number, one-half of that number is used. All 
calculations are based upon 100 and are made as follows: 
0.63 x 79.85 + 1.57 x 8°2°8 ... 1.13 per cent by weight 
of the feed whiah may be let down by Spigot 1. 
The second spigot conta.ins one and one-half mesh fluorite, 
one ·and one-half mash calcite, and one mesh of silica aDd is shown 
by the second irregular line drawn as illustrated in Table II-A. 
The calculation is as follows: 
2 28 80.08 0.63 oX 18.03 + 0.63 x 2.12 + 1.5? x ~+ 1.57 x + 1.98 x 80.06 ... 
2 2 
2.36 per cent weight of the feed that should be let down by Spigot 2. 
Table III shows the distribution of the feed in respective 
spigots ideally performed and as actually performed in the laboratory. 
The first half of Table III shows a summary of the calcula.tions of the 
amount and mesh that each ot the 15 spigots theoretically should "8e 
allowed to let down. 
ttlflSa.Il Mesh, tt a.s used here indicates the center of that part of 
the screen scale which retained the predominating part of the sample. 
Fuller explanation ot its meaning will be given later. 
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Table. III. Distribution of Feed in Respective Spigots 
Ide~lly Performed and as Actually Performed • 
. Id.E!~l_ D1strJ.bution of Feed 
in Respective Spigots 
IMeah I ~Plgot IVTeJ.ght Cumula-
Yesh llumber Percent lative 
10 
12 
1 1.13 1.13 
14 
i 
16 2 2.36 3.49 
20 
3 3.42 6.91 
24 
28 4 4.33 11.24 
32 
5 6.92 18.16 
35 
, 42 6 8.78 26.96 
'48 
7 10.96 37.90 
66 
-




'. . , 
',; 
t 1~81 .... ', 
h I' .. ,j 
·tft, 
'.'.;:C ., : '.: 
1,16 10 14.1' '9~14 
150 
11 9.79 88.93 
170 
Observed Distribution or 
Feed in Respective Spigots 
-sprgot [We1ght Gumula-
Number PeroeAt tive 
1 .88 .88 
2 1.31 2.19 
3 2.69 4.88 
4 2.69 7.57 
g r:~g 11.33 t~:~~ 7 1.,9 8 • 5 14.53 
9 .47 15.00 
10 .28 15.28 
11 .25 15.53 
12 1.49 17.02 
13 1.82 18.84 
14 2.00 20.84 
15 3.94 24.78 
16 .94 25.72 
17 1.51 27.03 
18 4.56 31.59 
19 15.40 46.99 
20 \ 19.40 66.59 
21 ,2.58 68.77 
, 
• a • 1.01",' \ 6'.80 
, 
-. 
aa 1 •• '11.1& 
-
M .,.0'1 '8,aj . . . 
25 9.26 8' •• 
26 11.21 98.69 
200 12 5.37 94.30 o 'flow 1.31 100.00 
13 
270 
325 15 .16 100.00 
-s. ... 
The second half of Table III shows the amount and the approxi-
mate size that each of the 26 spigots was allowed to let down, and is 
used as a comparison with the first half. The amount let down by the 
first 17 spigots equaled that which could be theoretically let down 
in six spigots. This is shown under "Cumulative" in the table. The 
facilities of classifying this ore did not permit a rigid following 
of the theoretical amounts as laid down in the first part of the table. 
Variation was accepted in order to make sure that at least part of the 
spigots did not exceed the theoretical amount. Also the number of 
spigots was carried to the extreme with the idea that important 
pOints were not likely to be overlooked. 
Before taking up laboratory classification and a discussion 
of t4e results obtained it will be nemessary to e~lain or define 
the terms "Mean Mesh" and the "Efficienoy N'Umberrt , and explain why 
the rather common term "Average Diameter" is not used. 
Average Diameter: 
Mineral partioles produced by orushing and grinding show an 
almost infinite variety of shapes and sizes. No simple and accurate 
numerical expression of the dimensions of a single particle, nor of 
the aferage dimensions of a group is possible; the best that can be 
done in any case is an approximation iich is ordinarily expressed as 
a single number, as though the particles were sPheres or aubes. This 
number is called the DIAMETER OR SIZE of an individual particle, or 
the AVERAGE DIAMETER or AVERAGE SIZE of So group of particles. 
-:32-
Avera.ge diameter as used in some of the literature is cal-
aulated by some method of averaging the mean or equivalent diame-
ters of a number of particles. The following is given by Perrott 
1 
and Kinney: 
lperrott, G. st. J., and Kinney, S. p., The meaning and microscopic 
measurement of average particle size; Jour. Am. Ceramic Soc., 
Vol. 6, p. 417, Feb. 1923. 
---------------------------------------------------------------
1. Arithmetical mean D = da, + d. 2 • 
2. Geometrical mean D .~ d1.da 
d -d 
3. Las chinger 's mean D .. 1. a loged1. - logeda 
I (d1 + da) (d1 2 + ~a ) 4. IVlellor's mean D "'" 4 
5. l.iean of form D · ~ Ed,. -do" j. 
5 d " -d.& l. a 
6. Von Reytt t s mean D = 0.455 (d1 + da ) 
7. Uumber mean D .. ~ nd • 
xn 
8. Length mean D Z'nd
8 
:I... .... • 
nd 
9. Surface mean D = l:nd
s 
1(nds 
10. Volume mean D :II ~nd'" I.nds 
To these should be added: 
11. D "'" f~r:d' • ~n 
12. 
D ~ \p"nd"-:-. 
'Ln 
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where E. is the mean diameter, .<h and d2 are the maximum and minimum 
mean particle diameters, respectively; d represents the successive 
mean particle diameters in a sizing operating and ~ the numerial 
frequency of the corresponding d. 
~le magnitude of the value for AVERAGE PARTICLE SIZE depends 
upon the weighting of the different factors: (1) number; (2) length; 
(5) SQrface; and (4) volume of the particles of the several sizes. 
Thus the term AVERAGE PARTICLE SIZE is capable of various mathemati-
ca.l interpretations, ma.ny of which have little significance. 
The fonnulas have been given as a matter of record, but they 
are thought to be of no value in this investigation and no attempt 
has been made to use AVERAGE D:tA:METER in the sense as nentioned 
above. However, a related e~ression is required, and is here in-
troduced. It is called MEAN MESH OR MEAN DI.Alrt~TER. 
In order to define ~mAN MESH and explain how it is derived, 
a premise must be established. Specific gravity increments must be 
obtained. Silica, calcite and fluorite fall within these respective 
increments. The distribution of each has to be weighted. To do this 
a force diagram is used (Figu.re 4). By this means the ftoff aizestt , 
whether they be in the coarse or fine sizes are given the same con-
sideration; that is, sizes which are smaller than the mean mesh are 
weighted the same as the sizes which are larger. The data used for 
further explanation is in Figure 4. Tt deals with Spigot 3. The 
mean mesh of the ca.lcite and fluorite may be csJ.culated in the same 
manner. The quantities representing the distribution of the silica. 
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Figure 4. For~e Diagram Illustrating "Mean Mesh" Calculations. 
-~-

are treated as forces having a moment about the first sieve--in 
this instance 10 lnesh. The sieves are equally spaced alone t~e 
lever arm because, as has been said, it is desired to "weight" 
equally the off sizes in the ooarse and in the fines. Thus we 
have a simple problem in mechanics to locate a resultant. The re-
sultant locates the mean mesh. Then, by interpolation betueen the 
adjacent sieves the mean mesh is found. 
Aft'er determining the mean mesh the examination is carried a 
step further for a criterion of good olassification. Here again the 
force dia.gram is used. The proportioned foroes in the two sieve 
spaces above, and in the two spaces below the mean mesh are added. 
This 8Qm gives what is called the Effioienoy Number. The spread of 
sizes has a ratio of 1 to 2. This spread in oommercial sizing is 
often found in practice. T'nus, the efficiency number is obtained. 
It is thought 'that the per cent of material distributed within a 
range of two sieves from the mean mesh gives an excellent criterion 
of olassification. 
Details of the calculation of MEAN MElSH and EFFICIENCY NUM-
BER are given beneath the diagram in Figure 4. 
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Laboratory Classification: 
The products of each spigot were given a detailed examina-
tion. .A screen analysis was ma.de with the double Ty:!ler sieves, i.e., 
tne scale was the fourth root of two. Each size thus obtai ned was 
given a sink-and-float assay, the silica, calcite and fluorite fall-
ing within their respective specific gravity increments. The re-
sults of-the examination of each of the 27 products are given in 
Table IV, which consists of 27 individual screen analyses in each of 
which the double Tyler sieves were used. 
Table V is a sununary of the 27 products as shown in Table IV. 
It shows the percentage of the entire sample each spigot let down, the 
total assay of each spigot product, and the distribution of the sil~ 
ica, calcite and fluorite of the entire sample as found in each 
spigot product. 
Figure 5, consisting of 14 blue prints, is supplementary to 
Table IV. The distribution of silica, calcite and fluorite, as 5~ven 
numeric~ly in Table IV, is shown graphically in this figute •. The 
results of the classification are presented in this manner to give 
a definite picture of the degree of classification of each of the 
26 spigots and the overflow. The distribution of silica, calcite, 
and fluorite are, respectively, represented by the solid line, tne 
dot-and-dash line and the broken line. The mesh is laid off on a. 
vertical sca.le in which each sieve is given the same amount of space. 
The per cent distribution of silica, calcite and fluorite is plotted 
on each side of the vertical axis, thus making a symmetrical figure. 
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Table IV. Screen Analyses of the Spib~t Products. 
Spigot 1 - 0.88 per cent WeiGht. 
I I '.- ~ "'1 t I Assay . "e.Lul n 1,1 e s h."." '" t .... 0rcent 
70-:-:2 I "::~::' :~:: 
-12 + 14 I 35.40 1.88 
-14 + 16 22.29 1.29 
-16 + 20 7.19 1.16 
-20 + 24 5.86 1.40 
-2L!", + 28 1.82 1.21 
-28 + 38 1.89 
-32 + 35 .61 
Distribu- Assay Distribu- ..'l.ssay Distribu-I 
tion of Percent tion of Percent tion of I 
the SiOa CaCOa the CaCOs CaPa the Caia 
27.46 .89 38.80 97.38 25.50 
41.26 .56 33.75 97.56 35.31 
17.82 .45 17.08 98.26 22.40 
5.17 .46 5.63 98.38 7.23 
5.09 .28 2.79 98.32 5.89 
1.36 .30 .92 98.49 1.83 
1.69 .38 .93 97.73 1.44 
.15 .15 .10 99.24 .40 
100.00 1.61 100.00 .59 100.00 97.80 100.00 
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Table IV (Continued). Screen l~lyses of the Spigot Products. 
Spigot 2 - 1.31 Per cent Weight. 
Weight Assay Distribu- Assay Distribu- Assay Distribu-111 e s h Percent Percent tion of Percent tion of Percent tion of SiOa the SiOa CaCOa the. CaCOa CaF. the Ca.Fs 
-10 + 12 12.22 6.73 23.24 2.12 24.85 91.15 11.67 
-12 + 14 28.02 4.35 34.45 1.20 32.27 94.45 27.73 
-14 + 16 24.16 2.84 19.39 .83 19.24 96.33 24.39 
-16 + 20 16.38 2.36 10.93 .70 11.00 96.94 16.64 
-20 + 24 9.25 2.43 6.35 .60 5.32 96.97 9.40 
-24 + 28 5.18 1.89 2.77 .66 3.28 97.45 5.29 
-28 + 32 2.97 1.93 1.62 .50 1.42 97.57 3.04 
-32 + 35 .98 2.1_7. .60 1.30 1.22 96.53 .99 
-35 + 42 .59 2.19 .37 1.46 .83 96.35 .60 
-42 + 48 .25 3.97 .28 2.38 .57 93.65 .25 
100.00 3.54 100.00 1.04 100.00 95.42 100.00 
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Table IV (Continued). Screen Analyses of the Spigot Produots. 
Spigot:; - 2.69 per oent weight. 
1Neight Assay Distribu- Assay Distribu- Assay Dl.stribu-II e s h Percent Percent tion of Peroent tion of Percent tion of SiOa the SiOa CaC03 the CaCOa CaFa the CaFa 
-10 + 12 3.70 25.24 16.58 .97 2.61 73.79 2.94 
-12 + 14 15.40 14.50 39.63 3.05 34.13 82.45 13.65 
-14 + 16 19.49 5.90 20.40 2.01 28.46 92.09 19.30 
-16 + 20 20.28 3.01 10.83 1.04 15.32 95.95 20.93 
-20 + 24 21.64 1.86 . 7.14- .75 11.79 97.39 22.66 
-24 + 28 11.01 1.59 3.11 .62 4.96 97.79 11.58 
-28 + 32 7.02 1.21 1.51 .40 2.04 98.39 7.43 
-32 + 35 1.07 2.24 .43 .75 .58 97.01 1.11 
-35 + 42 .39 5.28 .37 .38 .11 94.34 .40 
100.00 5.63 100.00 1.38 100.00 92.99 100.00 
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Table IV (Continued). Screen Analyses of the Spigot Products. 
Spigot 4 - 2.69 Per cent Weieht. 
Weight Assa.y Distribu- Assay Distribu- Assay Distribu-};I e s h Percent tion of Percent tion of Percent tion of Percent SiO" th.e SiOa CaCO, the CaCOa Ca.F. the CaFa 
-10 + 12 2.91 34.72 14.36 5.09 6.83 60.19 1.93 
-12 + 14 9.25 20.54 26.99 3.62 15.45 75.84 7.72 
-14 + 16 16.18 11.19 25.73 2.62 19.56 86.19 15.36 
-16 + 20 16.18 4.33 9.95 4.28 31.96 91.39 16.29 
-20 + 24 21.02 3.00 8.96 1.31 12.71 95.69 22.15 
-24 + 28 14.30 2.94 5.,97 .85 5.61 96.21 15.15 
-28 + 32 11.85 2.50 4.21 .72 3.94 96.78 12.63 
-32 + 35 4.11 2.29 1.34: .76 1.44 96.95 4.39 
-35 + 42 2.68 2.71 1.03 .85 1.05 96.44 2.85 
-42 + 48 1.07 7.05 , 1.07 1.66 .82 91.29 1.08 
-48 + 60 .45 6.06 .39 3.03 .63 90.91 .45 
100.00 7.04 100.00 2.17 100.00 90.79 100.00 
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Table IV (Continued). Screen Analyses of the Spigot Products •• 
Spigot 5 - 3.76 Per cent Weight. 
Vfelght Assay Distribu- Assay Distribu- Assay Distribu-];I e s h PerceTl,t tion of Percent tion of' Percent tion of Percent S102 the SiOa CaCOa the CaCOa ~. CaF2 the CaF2 
""-
I------'!. 
-10 + 12 .92 63.34 5.53 3.33 2.07 33.33 .35 
-12 + 14 3.54 55.53 18.68 3.23 4.02 41.24 1.67 
-14 + 16 6.99 29.37 19.50 6.07 21.60 64.56 5.16 
-16 + 20 10.05 17.48 16.69 4.26 22.88 78.26 8.99 
-20 + 24 17.47 9.87 16.39 1.71 15.20 88.~ 17.66 
-24 + 28 19.00 5.88 10.62 1.27 12.28 92.85 20.16 
-28 + 32 21.23 3.67 7.40 .98 10.59 95.35 23.13 
-32 + 35 8.95 2.~ 2.16 .93 4.23 96.53 9.87 
-35 + 42 6.90 2.~3 1.53 .76 2.67 96.91 7.64 
-42 + 48 2.75 2.54 .66 1.27 1.78 96.19 3.02 
-48 + 60 1.32 2.6.4 .33 1.97 1.32 95.39 1.44 
-60 + 65 .44 6.00 .25 4.00 .90 90.00 .45 
-65 + 80 .44 6.19 .2.6 2.06 .46 91.75 .46 
100.00 10.53 100.00 1.97 100.00 87.50 100.00 
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Table rf (Continued). Screen Analyses of the Spigot Products. 
Spigot 6 - 1.26 Per cant ~eight. 
I 1:L 'ile i gilt Assay Distribu- Assay Distribu- Assay Distribu-e s h Percent tion of Percent tion of Percent tion of Percent SiOir the SiOa CaCO, the CaCO, CaFa the CaPa 
-10 + 12 .89 84.66 6.24 4.23 1.87 11.11 .12 
-12 + 14 2.63 77.06 16.77 5.20 6.81 17.74 .54 
-14 + 16 5.27 53.11 23.17 5.33 13.98 41.56 2.55 
-16 + 20 8.27 28.69 19.64 4.32 17.79 66.99 6.45 
-20 + 24 19.32 12.30 19.67 2.74 26.36 84.96 19.11 
-24 + 28 20.83 4.62 7.96 1.29 13.38 94.09 22.81 
-28 + 32 27.42 2.07 4.70 .76 10.38 97.17 31.02 
-32 + 35 9.21 1.1,2 .85 .56 2.57 98.32 10.54 
-35 + 42 4.23 1.35 .47 .67 1.41 97.98 4.82 
-42 + 48 1.18 2.02 .20 2.43 1.43 95.55 1 .. 31 
-48 + 60 .42 4.26 .15 4.26 .89 91.48 .45 
-60 + 65 .19 5.56 .09 25.00 2.36 69.44 .15 
-65 + 80 .14 7.41 .09 11.11 .77 81.4:8 .13 
100.00 12.08 100.00 2.01 100.00 85.91 100.00 
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Table IV (Continued). Screen Analyses of the Spigot Products. 
Spigot 7 - 1.19 Per cent Weight. 
Weit:;llt Assay Distribu- Assay Distribu- Assay Distribu-111 e s h Percent tion of Percent tion of Percent tion of Percent SiOa the SiOa CaCOa the CaCOa CaFa the CaFa 
-10 + 12 0.77 85.09 5.83 5.59 2.50 9.32 0.08 
-12 + 14 1.78 77.86 12.49 5.07 5.23 17.07 .34 
-14 + 16 4.15 54.72 20.47 5.02 12.07 40.26 1.92 
-16 + 20 6.67 29.13 17.51 3.74 14.46 67.13 5.14 
-20 + 24 15.'75 13.04 18.51 2.30 20.99 84.66 15.30 
-24 + 28 19.37 6.],9 10.81 1.35 15.15 92.46 20.55 
-28 + 32 25.66 3.47 8.02 .97 14.42 95.56 28.12 
-32 + 35 11.50 2.61 2.70 .88 5.86 96.51 12.73 
-35 + 42 8.74 2.54 2.00 .66 3.34 96.80 9.71 
-42 + 48 2.85 2.55 .66 1.35 2.23 96.10 3.14 
-48 + 60 1.55 3.14 .44 1.57 1.41 95.29 1.70 
-60 + 65 .58 4.39 .22 3.57 1.20 92.04 .61 
-65 + 80 .39 5.14 .18 3.60 .81 91.26 .41 
-80 + 100 .24 7.45 .16 2.35 .33 90.20 .25 
100.00 11.],0 100.00 1.73 100.00 87.17 100.00 
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Table IV (Continued). Screen Analyses of the Spigot Products. 
Spigot 8 - 0.75 Per cent Weight. 
'~'Ieieht Assay Distribu- Assay Distribu- Assa.y Distribu-1iI e s h Percent Percent tion of Percent tion of Percent tion of SiOa the SiOa CaCOa the CaCOa, CaFa the Ca.Fa 
-10 + 12 0.45 90.74 3.95 4.63 1.10 4.63 0.02 
-12 + 14 1.25 82.84 10.02 7.26 4.80 9.90 0.14 
-14 + 16 2.48 66.33 15.92 6.50 8.52 27.17 0.77 
-16 + 20 5.47 36.54 19.35 6.20 17.93 57.26 3.57 
-20 + 24 11.89 16.94 19.50 3 .. 19 20.05 79.87 10.82 
-24 + 28 20.29 7.67 15.06 1.69 18.13 90.64 20.95 
-28 + 32 29.00 3.41 9.57 1.01 15.50 95.58 31.58 
-32 + 35 14.57 2.13 3.00 .. 76 5.85 97.:bl 16.12 
-35 + 42 8.45 2.11 1.73 .67 2.99 97.22 9.36 
-42+ 48 3.18 2.33 .72 1.03 1.73 96.64 3.50 
-48 + 60 1.57 2.79 .42 1.19 .99 96.02 1.72 
-60 + 65 .62 5.37 .32 2.68 .88 91.95 .65 
-65 + 80 .45 4.81 .21 2.88 .69 92.31 .47 
-80 + 100 .33 7.23 .23 4.82 .84 87.95 .33 
100.00 10.33 100.00 1.89 100.00 87.78 100.00 
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Table IV (Continued). Screen Analyses of the Spigot Products. 
Spigot 9 - 0.47 Per cent Weight. 
'IIeie;ht Assay Distribu- A.ssa.y Distribu- Assay Distribu-
1': h Percent tion of Percent tion of Percent tion of 
.iH. e 6 Percent SiOa the SiOa CaCOz the CD-COz Cal;' 2 the CaFa 
-----=--
-10 + 12 i 0.46 I 92.16 3.53 2.94 0.78 4.90 0.03 
1<1: i 1.51 I -12 + , 90.12 11.33 3.89 3.37 5.99 0.10 
-14 + 16 3.10 81.74 21.10 5.01 8.91 13.25 .48 
-16 + 20 3.83 55.29 17.63 5.59 12.28 39.12 1.74 
-20 + 24 13.05 22.61 24.57 3.97 29.71 73.42 11.11 
-24 + 28 21.54 6.75. 12.11 1.72 21.25 91.53 22.86 
-28 + 32 33.92 2.50 7.06 .76 14.78 96.74 38.05 
-32 + 35 13.46 1.25 1 •. 40 .51 3.94 98.24 15.33 
-~5 + 42 6.53 1.26 .69 .55 2.06 98.19 7.43 
-42 + 48 1.69 2.47 " 35 1.36 1.32 96.17 1.88 
-48 + 60 .64 2.82 .15 2.11 .77 95.07 .70 
-60 + 65 .27 3.57 .08 5.36 .83 91.07 .29 
100.00 12.01 100.00 1.74 100.00 86.25 100.00 
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Tanle IV (Continued). Screen Analyses of the Spigot Products. 
Spigot 10 - 0.28 Per cent Weight. 
Weight Assay Distribu- Assay Distribu- Assay DistrJ.ou-l 1,I e s h Percent Percent tion of Percent tion of Percent tion of SiOa the SiOs CaCOa the CaCOa CaFs the CaFs _. 
-10 + 12 0.35 89.02 2.70 5.49 0.96 5.49 0.02 
-12 + 14 1.24 87.72 9.42 7.49 4.62 4.79 .07 
-14 + 16 2.10 82.78 15.05 4.03 4.21 13.19 .32 
-16 + 20 3.30 54.10 15.45 12.64 20.77 33.26 1.27 
-20 + 24 9.55 28.72 23.74 4.26 20.25 67.02 7.40 
-24 + 28 17.27 10.37 15.50 2.19 18.83 87.44 ·17.47 
-28 + 32 31.48 3.83 10.44 1.07 16.77 95.10 34.63 
-32 + 35 15.30 2.41 3.19 .76 5.79 96.83 17.14 
-35 + 42 11.80 2.33 2.38 .71 4.17 96.96 13.24 
-42 + 48 4.04 2.53 .92 .78 1.57 96.69 4.52 
-48 + 60 1.98 3.01 .52 .88 .87 96.11 2.20 
-60 + 65 .70 4.20 .25 1.23 .43 94.57 .77 
-65 + 80 .54 5.23 .24 1.55 .42 93.22 .58 
-80 + 100 .35 &.74 .20 1.97 .34 91.29 .37 
100.00 11.55 100.00 2.01 100.00 86.44 100.00 
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Ta.ble IV (Cont inued) • Screen ,Ana,l;yses of the Spigot Product s. 
Spigot 11 - 0.25 Per cent Weight. 
Weight AElsa,y Distribu- Assay Distribu- Assay Distribu-M e s h Percent tion of Percent tion or Percent tion of Percent Si02 the SiO. CaCOa the CaeO. CaF. the CaF. 
-10 + 12 0.28 91.54 2.35 4.23 0.10 4.23 0.01 
-12 ... 14 .83 93.72 7.12 3.86 1.90 2.42 0.02 
-14 + 16 1.90 86.14 14.98 5.25 5.91 8.61 .19 
-16 + 20 2.89 60.11 16.06 6.18 10.58 33.11 1.09 
-20 + 24 8.51 28.56 22.26 4.23 21.34 61.21 6.54 
-24 + 28 15.03 10.82 14.89 2.16 19.24 87.02 14.94 
-28 + 32 30.55 4.63 12.95 1.19 21.54 94.18 32.93 
-32 + 35 17.29 2.74 4.34 .82 8.40 96.44 19.08 
-35 + 42 13.94 2.22 2.83 .11 5.86 97.07 15.48 
-42 + 48 4.71 2.27 .98 .75 2.09 96.98 5.26 
-48 + 60 .2.37 2.68 .58 .83 1.17 96.49 2.62 
-60 + 65 .83 3.33 .25 .95 .47 95.72 .91 
-65 + 80 .51 4.20 .20 1.15 .35 94.65 .55 
-80 + 100 .36 6.45 .21 2.15 .46 91.40 .38 
100.00 10.92 100.00 1.69 100.00 87.39 100.00 
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Table IV (Continued). Screen Analyses of the Spigot Products. 
Spigot 12 - 1.49 Per cent Weight. 
. Weight Assay Distribu- Assay Distribu- Assay Distribu-
1,1 e s h Percent Percent tion of Percent· tion of Percent tion of SiOs the SiOa CaCOa the DaCOa CaFs the CaFs 
-12 + 14 0.65 94.29 5.00 4.28 1.64 1.43 0.01 
-14 + 16 1.62 92.57 12.25 4.00 3.81· 3.43 .06 
-16 + 20 2.45 82.66 16.54 5.25 7.57 12.09 .34 
-20 + 24 5.79 52.96 25.08 5.53 18.84 41.51 2.79 
-24 + 28 11.35 19.67 18.28 3.27 21.84 77.06 10.16 
-28 + 32 ·32.84 5.87 15.74 1.49 28.79 92.64 35.35 
-32 + 35 22.60 2.13 3.93 .73 9.71 97.14 25.52 
-35 + 42 15.66 ]..56 1.99 .50 4.61 97.94 17.82 
-42 + 48 4.31 2.04 .72 .62 1.57 97.34 4.88 
. 
-48 + 60 1.85 2.25 .34 .71 .77 97.04 2.10 
-60 + 65 .56 2.53 .12 1.43 .47 96.04 .62 
-65 + 80 .32 3.71 .09 2.00 .36 94.29 .35 
100.00 12.25 100.00 1.70 100.00 86.05 . 100.00 
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T[~ble IV (Cont inued) • Screen Analyse s of the Spigot Product s. 
Spigot 13 - 1.82 Per cent Weight. 
Yieight Assay Distribu- Assay Distribu- Assay Distribu-rr e s h Percent tion of Percent tion of Percent tion of .. Percent SiOs the Si02 CaCOs the CaCOs CaP" the CaFa 
-12 + 14 0.37 96.16 2.98 3.50 .77 .34 .00 
-14 + 16 .93 92.$4 7.23 4.03 2.24 3.13 .03 
-16 + 20 1.99 85.?4 14.21 5.33 6.30 9.43 .22 
-20 + 24 4.06 59.68 20.29 5.39 12.99 34.93 1.64 
-24 + 28 7.75 27.98 18.16 3.78 17.39 68.24 6.12 
-28 + 32 24.20 9.70 19.66 1.95 28.02 88.35 24.76 
-32 + 35 22.12 4.35 8.06 1.11 14.58 94.54 24.21 
-35 + 42 20.25 2.e3 4.80 .78 9~ 38 96.39 22.60 
-42+ 48 9.90 2.60 2.16 .75 4.41 96.65 11.08 
-48 + 60 5.03 .2.80 1.18 .69 2.06 96.51 5.62 
-60 + 65 1.70 3.70 .53 .85 .86 95.45 1.88 
-65 + 80 .89 4.57 .34 .90 .48 94.53 .97 
-80 + 100 .81 5.96. .40 1.09 .52 92.95 .87 
100.00 11.94 100.00 1.68 100.00 86.38 100.00 
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Table IV (Continued). Screen Analyses of the Spigot Products. 
Spigot 14 - 2.00 Per oent Wei3ht. 




-14 + 16 0.6Z 88.97 5.18 3.80 .16 7.23 .05 
-16 + 20 1.11 87.57 8.98 5.04 Z.68 7.39 .09 
-20 + 24 2.75 68.54 17.41 5.61 10.16 25.85 .81 
-24 + 28 4.97 37.46 17.20 4.74 15.51 57.80 3.28 
-28 + 32 20.67 15.81 30.19 2.26 30.76 81.93 19.33 
-32 + 35 2Z.28 4.68 10.06 1.18 18.08 94.14 25.02 
-35 + 42 25.30 2.73 6.38 .81 13.49 96.46 27.84 
-42 + 48 12.07 2.01 2.24 .52 4.13 97.47 13.43 
-48 + 60 5.65 2.35 1.23 .65 2.42 97.00 6.25 
-60 + 65 1.83 2.79 .47 .57 .69 96.64 2.02 
-65 + 80 1.15 3.34 .35 .68 .51 95.98 1.26 
-80 + 100 .58 5.78 .31 1.07 .41 93.15 .62 
100.00 10.84 100.00 1.62 100.00 87.64 100.00 
, 
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Table, IV (Continued). Screen Analyses of the Spigot Products. 
Spib~t 15 - 3.94 Per cent Weight. 
VJei@.1.t Assay Distribu- Assa.y Distribu- Assay Distribu-III e s h Percent tion of Percent tion of Percent tion of Percent Si02 the SiOa CaCOs the CaCOs Ca.F:a the CaF:a 
-
-14 + 16 0.46 92.16 3.11 3.92 1.04 3.92 .02 
-16 + 20 .71 93 .. 04 4 .. 84 3.90 1.60 3.06 .03 
-20 + 24 1.90 86.69 12.08 4.85 5.33 8.46 .19 
-24 + 28 2.55 67.22 12.57 4.94 7.29 27.84 .84 
-28 + 32 10.43 32.38 24.76 3.78 22.82 63.84 7.87 
-32 + 35 14.84 12.25 13.33 2.17 18.64 85.58 15.01 
-35 + 42 24.63 6.25 1:1..29 1.26 17.96 92.49 26.92 
-42 + 48 17.00 4.77 5.95 .97 9.54 94.26 18.93 
-48 + 60 13.07 4.34 4.16 .89 6.73 94.77 14.64 
-60 + 65 _~.47 4.62 1.85 1.06 3.36 94.32 6.09 
-65 + 80 4.68 8.,27 2.84 .88 2.38 90.85 5.02 
-80 + 100 2 .. 55 7.49 1.40 .73 1.08 91.76 2.76 
-100 + 115 1.02 10.43 .78 1.62 .96 87.95 1.06 
-115 + 150 .4l 17.37 .52 3.12 .74 79.51 .38 
-150 + 170 .28 25.23 .52 3.24 .53 71.53 .24 
100.00 13.64 100.00 1.73 100.00 84.63 100.00 
r-
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Ta.b1e IV (Continued). Screen Analyses of the Spigot Products. 
Spigot 16 - 0.94 Per cent Weight. 
Weight 
Assay Distribu- AssS\Y' Distribu- Assay Distribu-
M e s h Percent tion of Percent tiol1. of Percent tion of Percent SiOa the SiOa CaeOa the CaeOa CaFs the CaFs 
-14 + 16 0.78 94.32 5.61 3.02 1.40 2.66 0.02 
-16 + 20 .75 94.89 5.43 3.70 1.65 1.41 .01 
-20 + 24 1.88 87.62 12.57 4.56 5.11 'Z.82 .17 
-24 + 28 3.67 64.50 18.06 5.13 11.22 30.37 1.31 
-28 + 32 12.79 25.42 24.80 3.31 25.23 '11.27 10.70 
-32 + 35 16.60 9.75 12.35 1.83 18.10 88.42 17.22 
-35 + 42 30.90 4.91 11.58 1.11 20.44 93.98 34.07 
-42 + 48 13.55 3.28 3.39 .78 6.30 95.94 15.26 
-48 + 60 9.2'1 3.03 2.14 .6'1 3.'10 96.30 10.48 
-60 + 65 3.95 3.55 1.0'1 .'14 1. '14 95.71 4.44 
-65 + 80 3.06 4.25 .99 .63 1.51 94.92 3.41 
-80 + 100 1.88 6.53 • 94 1.04 . 1.17 92.43 2.04 
-100 + 115 .49 6.36 .24 4.49 1.31 89.15 .51 
-115 + 150 .24 2~.65 .42 4.41 .63 '12.94 .21 
-150 + 170 .19 28.49 .41 4.30 .49 6'1.21 .15 
100.00 13.10 100.00 1.66 100.00 85.22 100.00 
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Table IV (Continued). Screen Analyses of the Spigot Products. 
Spigot 17 - 1.31 Per cent Weight. 
-
Weight Assay Distribu- Assay Distribu- AS8V Distribu-
111 e s h Percent Percent tion of Percent tion of Percent tion of Si02 the Si02 CaCOs the CaCO. CaF. the CaFa 
- 14 + 16 0.43 92.44 3.47 4.07 1.00 3.49 0.02 
- 16 + 20 .67 92.08 5.38 6.24 2.38 1.68 ·.01 
- 20 + 24 1.47 86.89 11.13, 6.80 5.69 6.30 .11 
- 24 + 28 2.64 70.97 16.32 6.07 9.13 22.96 .70 
- 28 + 32 11.39 29.39 29.17 4.02 26.06 66.59 8.74 
-32 + 35 19.29 9.24 15.53 2.00 21.98 88.76 19.73 
- 35 + 42 32.83 3.93 11.25 1.07 20.00 95.00 35.93 
-42+48 15.18 2.~1 3.32 .73 6.31 96.76 16.93 
-48+ 60 9.98 2.72 2.37 .75 4.26 96.53 11.10 
- 60 + 65 2.94 2.60 .67 .65 1.09 96.75 3.28 
- 65 + 80 1.94 3.36 .57 .78 .86 95.86 2.14 
- 80 + 100 .95 6.32 .52 1.53 .83 92.15 1.01 
-100 + 115 .30 11.58 .30 2.39 .41 86.03 .30 
100.00 11.47 100.00 1.76 100.00 86.77 100.00 
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~ble IV (Oontinued). Soreen Analyses ot the Spigot Products. 
Spigot 18 - 4.56 Per cent Weight. 
1etgh:b A$~&7 l)t.tribu- Assay Distribu- Assay Distribu-ltt • 8 h P~rQen:t Jaion ot Percent _tion ot Percent tion ot ,.rcent 
.8iO. the Si02 Ca.eOa the ~OO. O~a the Oa.Fa 
-16 + 20 0.45 82.76 2.78 14.96 3.42 2.28 .01 
-20 + 24- .94 91.23 6.40 5.92 2.83 2.85 .03 
-24 + 28 1."11 82.23 10.49 6.48 5.63 11.29 .23 
.... a8· + • 6.84 48.51 21.14 5.60 16.63 45.89 3.17 
.... 52 .. 35 8.98 21.~ 14.40 3.15 14. Z8 75.36 8.00 
-,s. 4& ~.66 10.al 15.74 1.99 20.90 87.80 21.43 
-.4.2 +48 11.43 6.17 9.87 1.55 14."11 92.48 23.41 
.... 60 16.76 2.65 3.12 .54: 4.35 96.81 18.03 
-60 + 65 8.53 6.?7 3.99 1.13 4.90 92.60 9.33 
-4i+ SO 6.'14 ~.~6 .3.45 1.21 4.15 91.93 7.32 
-80 + 100 i.21 8.68 3.37 1.15 3.05 90.17 5.55 
-100 + 116 1.89 2Q.'14 2.92 2.69 2.68 76.5'1 1.71 
... 115 + 110 .94 14.U 1.02 2.11 1.01 8S.37 .93 
-160 + 170 .63 16.86 .79 2.91 .93 80.23 .60 
-170 + .200 .29 24.14 .52 3.76 .5.5 72.10 .25 
.100.00 .1~.40 100.00 1.''1 100.00 84.63 100.00 
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Table IV (Continued). Screen Analyses of the Spigot Products. 
Spigot 19 - 15.40 Per cent Wei&~t. 
Vie i ght Assay Distribu- Assay Distribu-
Assay Distribu-
11 e s h Percent tion of Percent tion of Percent tion of' 
• Percent Si02 the SiOa CaCOa the CaCOa CaFa the Ca,:b'2 
-24 + 28 0.54 91.74 3.28 3.72 1.13 4.54 0.03 
-28 + 32 2.12 74.95 10.55 4.69 5.60 20.36 .52 
-32 + 35 3.38 46.12 10.35 4.21 8.01 49.67 2.02 
-35 + 42 10.81 24.42 17.52 3.00 18.25 72.58 9.44 
-42 + 48 15.67 13.79 14.33 1.97 17.38 84.24 15.87 
-48 + 60 19.64 10.18 13.26 1.57 17'.36 88.25 20.83 
-60 + 65 16.80 8.92 9.98 1.32 12.48 89.76 18.13 
-65 + 80 11.80 8.37 6.55 1.16 7.70 90.47 12.84 
-80 + 100 11.08 8.61 6.33 1.04 6.49 90.35 12.04 
-100 + 115 4.14 11.04 3.03 1.08 2.52 87.88 4.38 
-115 + 150 1.98 11.44 1.50 1.19 1.33 87.37 2.08 
-150 + 170 1.12 21 .• 52 1.60 .97 .61 77.51 1.04 
-170 + 200' .54 23.36 .84 1.23 .37 75.41 .49 
-200 + 270 .38 34.94 .88 3.61 .77 61.45 .29 
100.00 15.07 100.00 1.78 100.00 83.15 100.00 
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Table rl (Continued). Screen Analyses of the Spigot Products. 
Spigot 20 - 19.40 Per cent Wei@lt. 
1.'Ieight Assay Distribu- Assay ])istribu- Assay Dlstribu-
11]: e s h Percent tion of Percent tion of Percent tion of Percent SiOa the SiOa C~C03 the CaCO, Caia the CaFa 
-28 ... 32 0.63 49.02 2.15 3.01 1.01 47.97 0.36 
-32 1- 35 1.26 70.00 6.14 5.29 3.54- 24.71 .37 
-35 ... 42 4.07 47.49 13.45 4.53 9.78 47.98 2.33 
-42 1- 48 9.05 27.83 17.52 3.27 15.70 68.90 7.45 
-48 ... 60 18,45 16.71 21.44 2.50 24.48 BO.79 17.80 
-00 ... 65 19.26 11.47 15.37 1.79 lB.29 86.74 19.95 
-65 + 80 22.32 8.32 12.92 1.31 15.52 90.37 24.09 
-80 + 100 16.42 5.80 6.62 .87 7.58 93.33 18.30 
-100 ... 115 5.38 6.21 2.32 .73 2.08 93.06 5.98 
-115 ... 150 1.75 7.31 .89 .84 .78 91.85 1.92 
-150 ... 170 .98 10.61 .72 I 1.55 .81 87.84 1.03 
-170 ... 200 .43 i5.37 .46 1.88 .43 82.75 .42 
100.00 14.38 100. 00 1.88 100.00 83.74 100.00 
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Table IV (Continued). Screen Analyses of the Spigot Products. 
Spigot 21 - 2.38 Per cent Weight. 
\Veight Assay Distribu- Assay Distribu- Assay Distribu-M e s h Peroent tion of Peroent tion of Peroent tion of Peroent Si02 the Si02 CaCOa the CaCOs CaFa the CaFa 
-32 + 35 0.49 83.55 2.20 7.35 2.05 9.10 0.06 
-35 + 42 1.13 82.45 5.00 3.55 2.29 14.00 .20 
-42 + 48 2.56 70.07 9.62 3.58 5.23 26.35 .85 
-48 + 60 6.13 49.47 16.26 3.37 11.78 47.16 3.63 
-60 + 65 12.31 29.60 19.54 3.09 21.69 67.31 10.41 
-65 + 80 25.18 15.84 2],.39 1.85 26.56 82.31 26.04 
-80 + 100 31.70 9.38 15.94 1.11 20.06 89.51 35.64 
-100 + 115 12.45 8.01 5.35 .84 5.96 91.15 14.26 
-115 + 150 4 .. 65 9.61 2.40 .89 2.36 89.50 5.23 
-150 + 170 2.09 11.61 1.30 .85 1.01 87.54 2.30 
-170 + 200 .69 15.23 .56 1.17 .46 83.60 .72 
-200 + 270 .62 13.18 .44: 1.57 .55 85.25 .66 ,-
100.00 18.65 100.00 1.75 100.00 79.60 100.00 
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Table IV (Continued). Screen Analyses of the Spigot Products. 
Spigot 22 - 1.03 Per .cent Weight. 
.. 
\" . ght I Assay ii:"saay Distribu- Distribu- Assay Distribu-
11£ e s h ;e lP' ; I Percent tion of Percent tion of Percent tion of 
Percent SiOa the SiOa CaCOa tile CaCOa CaFa the CaFa 
I 
-32 + 35 0.44 70.30 1.46 14.17 3.19 15.53 0.09 
-35 + 42 1.15 72.47 3.94 4.45 2.62 23.08 0.35 
-42 + 48 2.27 62.60 6.72 4.13 4.80 33.27 .98 
-48 + 60 5.73 47.83 12.96 3.84 11.27 48.33 3.60 
-60 + 65 9.-25 33.52 14.67 3.14 14.87 63.34 7.62 
-65 + 80 1?-.67 21.23 17.74 2.31 20.90 76.46 17.57 
-80 + 100 30.80 14.42 21.00 1.53 24.12 84.05 33.66 
-100 + 115 14.37 12.56 8.54 1.10 8.09 86.34 16.13 
-115 + 150 8.29 12.93 5.07 1.08 4.58 85.99 9.27 
-150 + 170 5.78 15.84 4.33 .73 2.16 83.43 6.27 
-170 + 200 1.83 21.02 1.82 1.34 1.26 77.64 1.85 
-200 + 270 1.87 14.15 1.25 1.24 1.19 84.61 2.06 
-270 + 325 .65 19.36 .50 3.37 .95 77.27 .55 
100.00 21.15 100.00 1.95 100.00 76.90 100.00 
i 
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Table IV (Continued). Screen Analyses of the Spigot Products. 
Spigot 23 - 1.35 Per cent Weight. 
Weight Assay Distribu- Assay Distribu- Assay Distribu-1.1 e s h Percent tion of Percent tion of Percent tion of Percent SiOa the SiOa CaCOa the Q.aCOa CaJfa the CaFa 
-35 + 42 0.99 64.49 2.96 3.27 1.67 32.24 0.42 
-42 + 48 1.99 54.08 4.99 4.48 4.59 41.44 1.08 
-48 + 60 4.57 ~5.08 9.56 3.28 7.72 51.64 3.08 
-60 + 65 10.60 32.71 16.08 2.71 14.80 84.58 8.94 
-65 + 80 14.74 23.10 15.80 2.21 16.79 74.69 14.39 
-80 + 100 27.82 16.05 20.71 1.42 20.36 82.53 30.01 
-100 + 115 15.65 15.53 11.28 1.37 11.05 83.10 17.00 
-115 + 150 10.01 14.51 6.74 1.22 6.29 84.27 11.03 
-150 + 170 7.44 18.14 6.26 1.67 6.40 80.19 7.80 
-170 + 200 3.83 17.95 3.19 4.17 8.23 77.88 3.90 
-200 + 270 1.81 21.38 1.79 1.46 1.36 77.16 1.83 
-270 + 325 .55 25.22 .64 2.61 .74 72.17 .52 
100.00 21.56 100.00 1.94 100.00 76.50 100.00 
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Table IV (Continued). Screen Analyses of the Spigot Products. 
Spigot 24 - 7.07 Per cent ~eight. 
Weight Assay Distribu- Assay Distribu- Assay Distribu-M e s h Percent tion of Percent tion of Percent tion of Percent S10a the SiOa CaCOa the CaCOa Ca}!'a the CaFa 
-48 + 60 1.09 77.29 3.30 4.84 2.52 17.87 0.27 
10 
-60 + 65 1.83 64.96 4.65 3.99 3.49 31.05 .79 
-65 + 80 6.8S 44.08 11.87 3.47 11.41 52.45 4.99 
-80 + 100 84:.96 86.60 25.98 2.46 29.36 70.94 24.47 
-100 + 115 23.26 20.59 18.74 1.80 20.02 77.61 24.95 
-115 + 150 15.36 17.83 10.71 1.55 11.38 80.62 17.12 
-150 + 170 14.81 23.59 13.67 1.72 12.18 74.69 15.28 
-170 + 200 3.53 23.30 3.22 1.70 2.87 75.00 3.66 
-200 + 270 6.70 23.12 6.06 1.73 5.54 75.15 6.96 
-270 + 325 1.58 29.09 1.80 1.63 1.23 69.28 1.51 
100.00 25.56 100.00 2.09 100.00 72.35 100.00 
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Table IV {Continued}. Screen Analyses of the Spigot Products. 
Spigot 25 - 9.26 Per cent Weight • 
Weight • ;'ssay Distribu- Assay Distribu- Assay Distrlbu-1ft e s h Percent tion of Percent tion of Percent tion of Percent Si02 the Si02 CaCO:! the CaCOa CaF2 the CaFs 
-48 + 60 1.12 80.18 3.72 4.50 2.69 15.32 0.23 
-60 + 65 1.97 64.29 5.25 4.08 4.28 31.63 .84 
-65 + 80 7.54 44.14 13.80 3.49 14.00 52.37 5.~5 
-80 + 100 22.61 21.09 19.78 1.87 22.50 77.04 23.54 
-100 + 115 21.86 20.88 18.93 1.75 20.36 77.37 22.86 
-115 + 150 17.49 18.47 13.40 1.49 13.87 80.04 18.9.3 
-150 + 170 14.75 21.77 13.01 1.59 12.47 77.14 15.33 
-170 + 200 4.72 25.67 5.03 1.58 3.97 72.75 4.64 
-200 + 270 6.74 20.95 5.85 1.25 4.48 77.80 7.09 
-270 + 325 1.20 24.68 1.23 2.16 1.38 73.16 1.19 
100.00 24.11 100.00 1.88 100.00 '74.01 100.00 
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Table IV (Continued). Screen Analyses of the Spigot Products. 
Spigot 26 - 11.21 Per cent Weight. 
Wei~t Assay Distribu- Assay Distribu- Assay Distribu-1.T e s h Percent tion of' Percent tion of Percent tion of Percent SiOa the SiOa CaCOa the CaCOs CaF2 the CaP. 
-48 + 60 0.45 87.15 1.10 4.28 0.88 8.57 0.06 
-60 + 65 .92 77.08 1.98 4.86 2.04 18.06 .28 
-65 + 80 3.63 60.60 6.15 4.28 7.10 35.12 2.06 
-80 + 100 17.93 41.73 20.90 2.44 20.00 55.83 16.14 
-100 + 115 23.05 31.76 20.45 2.35 24.77 65.89 24.49 
-115 + 150 17.71 28.49 14.09 2.19 17.73 69.32 19.80 
-150 + 170 18.43 41.60 21.42 1.53 12.89 56.87 16.89 
-170 + 200 4.83 26.86 3.62 1.64 3.62 71.50 5.57 
-200 +- 270 11.53 26.77 8.62 1.73 9.12 71.50 13.29 
-270 + 325 1.52 39.4:0 ~.67 2.66 1 •. 85 57.94 1.42 
100.00 35.80 100.00 2.19 100.00 62.01 100.00 
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Table IV (Continued). Soreen Ana.lyses of the Spigot Produots. 
Overflow - 1.31 Per cent weight. 
Weight Assa.y Distribu- Assa.y Distribu- Assay Distribu-1I e s 11. Peroent Percent tion of Peroent tion of Peroent tion of SiOs the SiOa CaCOa the C/l.C03 CaFa the CaFa 
-eo + 100 1.10 66.45 1.85 0.97 0.39 32.58 0.62 
-100 + 115 4.58 68.92 7.94 3.54 6.00 27.54 2.19 
-115 + 150 5.25 5.6.49 7.45 3.69 7.17 39.82 3.63 
-150 + 170 19.93 48.09 24.09 2.94 21.68 48.97 16.97 
-170 + 200 23.24 40.71 23.78 3.14 27.00 56.15 22.69 
-200 + 270 37.87 29.91 28.47 2.44 34.19 67.65 44.55 
-270 + 325 8.03 ~1.81 6.42 1.20 3.57 66.99 9.35 
100.00 39.78 100.00 2.70 100.90 57.52 100.00 
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Table V. Su.mm.a.ry of Table IV - Distribu.tion of SiOa , CaC03 , CaFa Per Spigot. 
_._-
Assay Di$tribu- Assay :oistribu- Assay Distribu-We i gilt Spigot Humber Percent Percent tion of Percent tion of Percent tion of Si02 the SiOa CaCOz the CaC03 Ca~'2 the CaF2 
1 0.88 1.61 0.08 0.59 0.28 97.80 1.07 
2 1.31 3.54 0.26 1.04 .73 95.92 1.57 
3 2.69 5.63 .84 1.38 1.98 92.99 3.12 
4 2.69 7.04 1.06 2.17 3.11 90.79 3.05 
5 3.76 10.53 2.21 1.97 3.94 87.50 4.10 
6 1.26 12.08 .85 2.01 1.35 85.91 1.35 
7 1.19 11.10 .74 1.73 1.10 87.18 1.29 
8 .75 10.33 .43 1.89 .75 87.78 .82 
9 .47 12.01 .31 1.74' .,44 86.25 .50 
10 .28 11.55 .18 2.01 .30 86.44 .30 
11 .25 10.92 .15 1.69 .22 87.39 .27 
12 1.49 12.25 1.02 1.70 1.35 86.05 1.60 
13 1.82 11.94 1.21 1.68 1.63 86.38 1.96 
14 2.00 10.84 1.21 1.52 1.62 87.64 2.10 
15 3.94 13.64 2.99 1.73 3.63 84.63 4.16 
16 .94 13.10 .69 1.68 .84 85.20 1.00 
17 1.31 11.47 .84 1.76 1.23 86.77 1.42 
18 4.56 13.40 3.40 1.97 4.78 84.63 4.81 
19 15.40 15.70 12.93 1.78 14.59 83.15 15.98 
20 19.40 14.38 15.53 1.88 19.40 83.74 20.26 
21 2.38 18.65 2.47 1.75 2.22 79.60 2.36 
22 1.03 21.15 1.21 1.95 1.07 76.90 .99 
23 1.35 21.56 1.62 1.94 1. 39 76.50 1.29 
24 7.07 25.56 10.07 2.09 7.86 72.35 6.38 
25 9.26 24.11 12.46 1.88 9.25 74.01 8.55 
26 11.21 35.80 22.34 2.19 13.06 62.01 8.67 
Overflow 1.31 39.78 2.90 2.70 1.88 57.54 .94 
-
100.00 17.93 100.00 1.88 100.00 80.19 100.00 
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The mean mes~ of the silica, calcite and fluorite, respectively, is 
shown by the horizontal lines across the figure; the symbols as-
sif,,'Yl.od formerly are used. The assay 01' the "silica plus calcite" is 
tabulated at the side of each diagram. :Below each. diagram t~J.e l:ler-
cent age weight of the spigot discharge, mean mesh, the ratio of the 
mean mesh of the silica and calcite, respectively, to fluorite, £iJ1d 
the efficiency number are given. 
Each diagram gives an idea of what kind of work each respec-
tive spigot performed. For example, we notice in Spigots 1 and 2 that 
the diagram is very wide; this shows close sizing. In fact the effi-
ciency numbers are very high. This is as would be expected because 
the feed was sized through 10 mesh. As we proceed to Spigot 3 the 
geometrical figure of calcite falls between that of silica and fluor-
ite. This arrangement of the various materials in an ore in the or-
der of their specific gravity is SOugllt in classification. 
In the diagrams of the first two spigpts the curves for the 
respective minerals nearly coincide, that is, the mean meshes are 
about the same. This is another way of saying that the hindered-
settling ratios are small. The efficiency numbers are higher than 
found in any of the other spigots because the feed to the first spigot 
was sized through 10 mesh. Vnlen Spigot 3 or 4 is reached the hinder-
ed-settling ratios are slipped down in the order of the increasine 
specific gravity minerals. In the first two or three spi€;,ots the 
sizing is excellent, but the settling ratios do not seem attractive. 
The poor ratios in the first two spigots are as expected: ~le coarse 
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gangue, which would have given a high ratio was removed by the limiting 
screen-lO mesh. However, the ratios do not cause concern because siz-
inB has been achieved. After the third spigot the ratios appear in 
greater ta.vC};C. Toward the latter end of the series the ratios and .t.-
ficiency numbers--particularly the ratios--become less satisfactor.1. 
~1is marks the limits in classification exacted by increas~ng fine-
ness. The overflow has a better appearance than the latter spigots. 
This is because no ac~ou.nt is taken of the amount which passed through 
the 325 mesh sieve. Therefore, the ratio and efficiency numbers of the 
overflow are too high and must not be considered in making comparisons. 
It is axiomatic that any classified product may be trued up 
Qy further classification. The extent is shown in Figure 5-A and by 
the data given in Table VI; this is further brought out by the com-
parative values of the mean mesh, etc. at the bottom of Table VII. 
The truing-up was done by feeding the naterial of Spigot 5 to a one-
spigot classifier, and making a spigot and an overflow product. 'l'he 
efficiency numbers were increa.sed about ten points. 
The mean mesh, ratio, and efficiency number for silica, cal-
cite and fluorite in each of the 2'1 spigots are shown in Table VII. 
The limit of fineness in hydraulic classification is sh.own 
by the ratios in Table VII to occur at about the twenty-third spigot. 
The average mean mesh of this spigot is very near the 100 mesh sieve. 
A decided decrease in the ratio of the average size of silica and cal-
cite to fluorite takes place in this spigot and throughout the rest of 
the series. However, efficiency numbers do not show a similar decrease. 
- 6&-
Figure 5-A. Recla.ssification of Spigot 5. 
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Table VI. Screen Analyses of Reclassified Spigot Product. 
Spigot 5-A - 49.52 Per cent We ight of Spigot 5. 
Weight Assavr Distribu- Assay Distribu- Assa.y Distribu-11 e s h Percent tion of Percent tion of Percent tion of Percent SiOa the Si02 CaCOa the Ca.COa Ca.Fa the CaFa 
-10 + 12 1.18 61.67 9.71 7.92 5.73 30.41 0.39 
-12 + 14 5.16 42.22 29.06 5.54 17.51 52.24 2.97 
-14 + 16 9.64 19.64 25.26 3.42 20.20 76.94 8.16 
-16 + 20 17.71 8.39 19.82 2.36 25.60 89.25 17.39 
-20 + 24 25.09 3.24 10.85 1.24 19.06 95.52 26.38 
-24 + 28 21.35 1.32 3.76 .60 7.85 98.08 23.04 
-28 + 32 16.43 .51 1.12 .33 3.32 99.16 17.93 
-32 + 35 2.80 .53 .20 .17 .29 99.30 3.06 
-35 + 42 .64 2.61 .22 1.12 .44 96.27 .68 
100.00 7.50 100.00 1.63 100.00 90.87 100.00 
- 70 -
Table VI (Continued). Screen Analyses of Reclassified Spigot Product. 
Spigot 5-B - 50.48 Per cent Weight of' Spieot 5. 
WeiGht Assay DiBtribu- Assa.y Distribu- Assay Distribu-Iv! e s h Percent tion of Percent tion of Percent tion of Percent SiOa the SiOa CaCOa the CaCOs CaF2 the CaFa 
-10 + 12 0.43 79.44 3.07 10.00 2.42 10.56 0.05 
-12 + 14 1.79 70.73 11.G7 4.64 4.67 24.63 .51 
-14 + 16 3.45 47.08 14.58 5.17 10.02 47.75 1.89 I 
-16 + 20 6.57 30.14 17.78 3.51 12.95 66.35 5.01 
-20 ... 24 13.11 16.96 19.96 2.65 19.51 80.39 12.10 
-24 ... 28 15.74 9.15 1~.93 1.66 14.68 89.19 16.12 
-28 ... 32 26.54 4.68 11.15 1.23 18.33 94.09 28.67 
-32 ... 35 14.34 2.92 ~.76 .90 7.25 96.18 15.84 
-35 ... 42 12.41 2.76 3.08 .76 5.30 96.48 13.75 
-42 ... 48 3.52 4.14 1.31 1.44 2.85 94.42 3.82 
-48 + 60 1.59 3.46 .49 1.66 1.48 94.88 1.73 
-60 ... 65 .51 11.32 .52 1.89 .54 86.79 .51 
100.00 11.14 100.00 1.78 100.00 87.08 100.00 
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Table VII. Summary of Mean Mesh, Ratios. a.nd Efficiency Uumbers. 
Mean l~Ie all in ! ------t-r-------- 3:-Spigot Millimeters Ra1io ~fficienc~ Number ' 
Number - ,Avera.ge SiOa CaCOa CaFa SiOa CaCOa Cl1Fa SiOa CaCOa Ca~'a 
1 1.113 1.156 1.087 1.023 1.063 1 84.78 92.74 81.42 86.31 
2 1.053 1.044 0.955 1.103 1.093 1 76.98 73.69 73.00 74.56 
3 1.041 0.950 0.808 1.288 1.176 1 80.64 82.12 72.21 78.32 
4 0.944 0.857 0.708 1.333 1.210 1 65.32 71.32 66.36 67.67 
5 0.816 0.705 0.560 1.457 1.259 1 61.63 61.28 67.72 63.54 
6 0.858 0.679 0.562 1.526 1.208 1 71.85 64.86 79.34 72.02 
7 0.788 0.646 0.515 1.530 1.254 1 63.07 60.80 72.28 65.38 
8 0.747 0.635 0.493 1.515 1.288 1 65.70 64.48 77.49 69.22 
9 0.796 0.651 0.507 1.570 1.284 1 71.48 74.26 82.66 76.12 
10 0.722 0.632 0.465 1.553 1.359 1 65.87 67.33 71.36 68.19 
11 0.699 0.581 0.453 1.543 1.283 1 65.93 69.28 77.20 70.80 
12 0.677 0.565 0.4~~ 1.542 1.287 1 73.00 75.43 85.04 77.82 
13 0.599 0.503 0.393 1.524 1.280 1 66.72 69.70 75.76 70.73 
14 0.550 0.472 0.37,5 i.467 1.259 1 70.34 74.54 77.38 74.09 
15 0.449 0.390 0.308 1.458 1.266 1 58.04 62.36 68.63 63.01 
16 0.495 0.412 0.331 1.495 1.245 1 66.79 68.35 72.43 69.19 
17 0.493 0.428 0.338 1.459 1.262 1 72.01 74.75 79.81 75.52 
18 0.373 0.344 0.299 1.387 1.279 1 49.08 53.18 64.72 55.66 
19 0.273 0.260 0.217 1.258 1.198 1 50.16 57.98 64.72 57.62 
20 0.242 0.230 0.1~1 1.267 1.204 1 66.05 70.58 74.11 70.25 
21 0.197 0.186 0.154 1.279 1.208 1 69.53 76.13 82.46 76.04 
22 0.173 0.174 0.141 1.227 1.234 1 61.27 67.47 73.81 67.52 
23 0.159 0.155 0.137 1.161 1.131 1 58.45 56.79 69.67 61.64 
24 0.123 0.124 0.113 1.088 1.097 1 68.19 72.94 70.17 70.43 
i~ %:11~ 0.124 0.112 1.098 1.107 1 64.23 69.03 69; S2 - 67.53 O.l'l 8:b~~ i:£4~ i:£IZ i B2:6~ 66.2i 3§:I~ 3g:I~ Overflow 0.078 0.0 86.9 
5-A 0.973 0.871 0.671 1.460 1.289 1 82.20 75.03 80.86 79.36 
5-B 0.730 0.635 0.496 1.472 1.280 1 62.58 62.11 74.36 
66.35 
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These observations are in accord with well known principles, to wit: 
(1) Vlhen material is very fine the specific gravity does not have 
much influence upon the falling velocity, and (2) when a mineral is 
very fine the falling velocity varies as to the square of the diame-
ter, Whereas when it is coarser the velocity varies directly as the 
diameter. To show how this idea is brought out in eJq>erimental re-
sults the last eight spigots of this series are divided into groups 
of four each and the "Average ratio't and the "Average effioiency num-
berM for each grliru;p is given in Table VII-A below. 
Table VII-A. Comparison of Degree of Classification of the Intermed-
iate Size and the Finest Size. 
Average Ratio of Average of the Spigot Mean :Mesh of Group Average Effioiency 
Number Between Sieves SiOa CaeOa CaFs Numbers for the Group 
19 
20 -60 to 80 mesh 1.268 1.211 1.0 67.85 
21 
22 
-------- ------------_._---- ,,---- ----- ------ -------------------
23 
24 
25 -100 to 150 mesh 
1.106 1.108 1.0 66.34 
26 
'-
The above table shows how the ratios de.reese in the latter 
spigots; the break is at about 100 mesh. But sizing, ~lich is shown 
by the effioiency numbers continues without a similar variation. 
TllUS tile limits of classification of the ore at hand are closely 
drawn. 
Screen .A.ru:.t.llses of Spigot Products. 
In the screen analyses of the orieinal ore a gradual in-
crease in silica from 65 mesh on down is shown and the same ocours 
ju.st a few meshes higher in the screen analyses of each. spigot. 
This can be explained better after the feed to eaoh spigot is known; 
the explanation follows: 
In Table VIII the ass~ per oent of silica, caloite and 
fluorite in the feed to each spigot is compared to the same in the 
discharge from each spigot. The caloulation of the feed to the suc-
cessi ve spigots is very tedious but the information gained has made 
it worth while. It shows that quartz is carried toward the dis-
charge end of the classifier and justifies the high qua.rtz content 
of the last spigot. .wor instance, the silica content of the feed 
to the first spigot is only 17.93, whereas in the feed to the last 
spigot it is 36.17 per cent. 
In general the silica content in the feed shows an increase 
from pocket to poCket and the same may be said for the disCharge. 
But, when the ra.tio of the silica in the feed to the silica. in the 
disCharge is considered it will be seen how hydraulic classifioation 
failed in the finer sizes. 
The gradU4l building up of silica in the oomposite a.na.lysis 
of the feed to each pocket as shown ia the natural result of classi-
fication. 'l!l.e same thing occurs for each mesh of the spigot, as it 
is followed from ,spigot to spigot. A spacific citation of this is 
made in Ta.ble VIII. 
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Table VIII. Feed Per Pocket and Dis charge Per Spigot •. 
Assay Per Assay Per Assay Per 
Pocket cent SiO. cent caeoa cent CaF. 
or J?eed Dis- Ratio Dis- Dis-Feed Ratio b'eed Ratio Spigot to charge to ' charge to oharge Humber from from from Pooket Pocket Pocket Spigot Spigot Spigot 
1 17.93 1.61 0.09 1.88 0.59 0.31 80.19 97.80 1.22 
2 18.07 3.54 .20 1.89 1.04 0.55 80.04 95.42 1.19 
3 18.27 5.63 .31 1.90 1.38 .73 79.83 92.99 1.16 
4 18.62 7.04 .38 1.~2 2.17 1.13 79.46 90.79 1.14 
5 18.96 10.53 .56 1.91 1.97 1.03 79.13 87.50 1.11 
6 19.37 12.08 .62 1.91 2.01 1.05 78.72 85.91 1.09 
, 7 19.43 11.10 .57 1.91 1.73 .91 78.66 87.17 1.ll 
8 19.54 10.33 .53 1.91 1.89 .99 78.55 87.78 1.12 
9 19.62 12.01 .61 1.91 1.74 .91 78.47 86.25 1.10 
10 19.66 11.55 .59 1.91 2.01 1.05 78.44 86.44 1.10 
11 19.69 10.92 .55 1.91 1.69 .88 78.40 87.39 1.11 
12 19.72 12.25 .62 1.91 1.70 .89 78.37 86.05 1.10 
13 19.86 11.94 .60 1.91 1.68 .88 78.23 86.38 1.10 
14 20.03 10.84 .54 1.92 1.52 .79 78.05 87.64 1.12 
15 20.26 13.64 .67 1.93 1.73 .90 77.81 84.63 1.09 
16 20.61 13.10 .64 1.94 1.68 .87 77.45 85.22 1.10 
17 20.70 11.47 .55 1.94 1.76 .91 77.36 86.77 1.12 
18 20.87 13.40 .64 1.95 1.97 1.01 77.18 84.63 1.10 
19 21.36 15.07 .71 1.95 1.78 .91 76.69 83.15 1.08 
20 23.20 14.38 .62 1.99 1.88 .94 74.81 83.74 1.12 
21 28.32 18.65 .66 2.05 1.75 .85 69.63 79.60 1.14 
22 29.05 21.15 .73 2.08 1.95 .94 68.87 76.90 1.ll 
23 29.30 21.56 .74 2.08 1.94 .93 68.62 76.50 1.11 
24 29.69 25.56 .86 2.09 2.09 1.00 68.22 72.35 1.06 
25 31.03 24.11 .78 2.09 1.88 .90 66.88 74.01 1.11 
26 36.17 35.80 .99 2.24 2.19 .98 61.57 62.01 
1.01 
Overflow 39 78 2 70 57 52 
Composite 17.93 1.88 
80.19 
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In Table IX Spigots 6 and 20 have been taken as representa-
tive of coarse and fine material. On the 28 to 32 mesh in Spigot 6 
the feed is 20.98 per cent silica with a discnarge of 2.07 per cent 
silica. On the same mesh in Spigot 20 the feed is 58.57 per oent 
silica and the discharge is 49.02 per cent silica, whioh gives a very 
good illustration of how the lighter material of MY one mesh is 
passed on down from spigot to spigpt, constantly building up in grade. 
Of course the reverse holds true for the heaviest mineral-fluorite. 
Incidentally it may be said that the calcite, being of intermediate 
density of small percentage, does not show much variation. 
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Table IX. Compari son of Spigot 6 and Spigot 20 in Resp:}ct to 
Screen Analyses of Feed to Pooket and Discharge from Spigot. 
Spigot 6 Spigot '20 
Assay Per Assay Per 
Screen Size cent SiO. Ratio cent SiQa Ra.tio 
l!'eed Dis- Feed Dis-
to charge to oha.rge from from Pocket Spigot Pooket Spigot 
-10 + 12 87.63 84.66 0.97 
-12 + 14 79.52 77.06 .97 
-14 + 16 71.00 53.11 .75 
-16 + 20 50.43 ·28.69 .57 
-20 + 24 36.17 12.30 .34 
-24 ... 28 26.56 4.62 .17 
-28 + 32 20.98 2.07 .10 58.57 49.02 0.84 
-32 + 35 17.47 1.12 .06 71.11 70.00 .98 
-35 + 42 15.88 1.35 .09 49.36 47.49 .96 
-42 + 48 14.69 2.02 .14 29.89 27.83 .93 
-48 + 60 14.42 4.26 .30 22.37 16.71 .75 
-60 + 65 14.23 5.56 .39 18.66 11.47 .62 
-65 + 80 16.10 7.41 .46 18.95 8.32 .44 
-80 ... 100 20.15 5.80 .29 
-100 + 115 21.99 6.21 .28 
-115 + 150 21.40 7.31 .34 
-150 + 170 30.69 10.61 .35 
-170 + 200 27.50 15.37 
.56 




HYdraulic classification prepares the ore for further bene-
fidation on tables. It is therefore in order to take up a discus-
sion of the results obtained by tabling. 
Three spigot products were tabled, namely, Spigots 15, 20 
and 25. These three spigots were chosen in order to prove that 
small grain-size material could be handled advantageously on tables 
as well as larger ~terial which is, in common practice, amenable. 
Spigot 15 was tabled on an 18 by 42 inch Wilfley labora-
tory table. Ten 4-inch cuts were made, seven along the side and 
three on the end. They a.re numbered from the mechanism end toward 
the concentra.te end. .Ea.ch cut was given a chemical a.nalysis. The 
results appear in Table X. 
Cuts 1, 2 and 3 can be considered as tailings, thereby 'i9-
carding 55 per cent of the silica. content and onl~ losing 11 per 
cent of the fluorspa.r. Or, if considered from the assay viewpoint 
the assa.y value of fluorspar has been raised fr<Jl1 84 to 90 per cent 
and the silica. lowered from 11 to 5 per cent. 
Table XI snows the results of tabling Spigot 20 on a. 
quarter-size Butchart table, Model 6. The assays were made by the 
sink-a.nd-float method. 
The cru.ts were each ten inches in length, being numbered 
from the mechanism end to the concentra.te end of the table. "An 
andlt!" denote one-ha.lf of a cut, cr five inches. 
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Fi~re 6. Wilfle Laboratory Table. 
- 78-A -
Tabla X. Laboratory Ta.ble Test, Spigot 15 - Ji.fean Mesh 0.35 mm. (42 mesh). 
Number Weight Assay Distribu- Ass~ Distribu- Assa.y Distri- Assay Distribu-
of Percent tion of Percent tion of Percent but ion of Percent tion of 
Cuts Percent 5iOa the SiOa Os.OOa_ the OaOO~._ Ca.F~ the OaFs RaOa the Ra03 
1 0.61 52.81 2.98 8.82 2.08 29.84 0.22 8.53 2.30 
2 6.19 50.10 28.68 7.22 17.26 35.77 2.63 6.91 18.89 
3 10.53 24.11 23.48 4.41 17.93 68.35 8.53 3.13 14.55 
4 15.26 10.40 14.68 2.66 15.67 85.04 15.39 1.90 12.80 
5 15.97 6.50 9.60 1.70 10.48 90 .• 26 17.-09 1.54 10.86 
6 13.05 5.52 6.66 1.34: 6.76 91.77 14.20 1.37 7.89 
7 9.23 4.80 4.10 1.21 4.31- 92.32 10.10 1.67 6.81 
8 11.76 4.25 4.62 1.38 6.27 92.86 12.95 1.51 7.84 
9 13.78 3.52 4.48 2.05 10.91 92.38 15.10 2.05 12.48 
10 3.62 2.;16 0.72 5.96 8.33 88.39 3.79 3.49 5.58 
100.00 10.81 100.00 2.59 100.00 84.33 100.00 2.26 100.00 .. 
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Table XI. Laboratory Table Test, Spigot 20 - ~~an Mesh 0.21 mm. (65 meSh). 
Number Weie,nt AssaJ Distribu- Assay Distribu- Assay 
of Percen t' tlon of Percent 
Distribu-
Cut Percent 
. t10n of Percent tion of 
SiO. the SiOa CaCO:s the CaCOa OaF. the Ca.Fa 
1 0.15 86.55 0.84 11.11 0.73 2.34 ---
2 .54 91.52 3.19 7.84 1.85 .64 ---
3 2.29 89.56 13.25 9.11 9.11 1.33 0.04 
4-A 2.54 87.14 14.29 8.00 8.87 4.86 .15 
4-B 3.71 71.86 17.21 8.70 1'1:.09 19.44 .88 
5-A 6.10 4O~05 15.78 6.69 '17.82 53.26 3.95 
5-3 0' 
f10\'! 1.69 64.48 7.04 6.55 4.83 28.97 .60 
5-:8 
Spigot 5.93 7.68 2.94 2.19 7.21 89.54 
6.45 
6-A 10.99 9.99 
., 1.09 2.14 "\. 10.27 87.87 11.74 
-
6-B 16.11 6.69 6.95 1.35 9.49 
91.96 18.02 
7-A 14.10 4.56 4.33 .99 6.35 
94.45 16.89 
7-B 17.38 4.15 4.66 .81 6.15 
95.04 20.09 
8 1.90 4.15 .51 .78 
.65 95.07 2.20 
9 15.97 1.85 1.91 .37 
2.58 91.78 16.99 
100.00 15.48 100.00 2.29 100.00 
82.22 100.00 
.!9:E!: The Cut 10 wa.s anitted fran ce.lcu.lations. It was 3.35 per cent 
by weight and contained material. heavier than fluorspar; it assayed a.s 
follows: 0.64 per cent SiOa; 0.11 per cent CaC03 ; 74.27 ,er cent CaFa , 
and 24.98 per cent uhdetermined iron, barium, etc. 
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Cut 5-B was classified in a laboratory classifier making an 
ltoverflow" and "spigot" to simulate commercial work where middl ings are 
returned. Assuming the s:)ii;'ot of 5-B and all the following cru:cs as 
concentr~te, and the overflow of 5-B and all above to be tailings, the 
grades of the concentrate and tailing were calculated; the results 
are: 
Weight. Assay Distribu- Assay Distribu- Assay Distr~au-Product Percent Percent tion of Perc~nt tion of Percent tion of SiOa the SiOa CaCOa the CaCO. CaFa the CaF2 
Tailing 17.02 65.14 71.60 7.71 57.30 27.15 5.62 
Concentrate 82.98 5.30 28.40 1.18 42.70 93.52 94.38 
Composite 100.00 15.48 100.00 2.29 100.00 82.22 100.00 
The rejection of silica and calcite is very good '~en compared 
with the small amount of fluorite lost. 
Spigot 25 was too small in amount to treat on a quarter-size 
table. Hence it was treated the same as Spigot 15, that is, on a 
minature table. Twelve 4-inch cuts were made, ten along the side and 
two on the end. The results of the chemical analysis for each cu.t are 
gi ven in Table XII. 
A comparison of the assay of the cuts shows benefiCiation, 
4 
a.ltltougil. the materia.l was very fine a.nd the table was of minature size. 
The following tabula.tion compa.res the two methods of assay-
ing, that is, chemical versus heaTY liquid. 
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Table XII. Laboratory Table Test, Spigot 25 - Mean Mesh 0.12 mm. (115 mesh). 
l~um- \Veight Assay Distribu- Assay Distribu- Assay Distribu- Assay Distribu-berC£ Percent tion of Percent tion of Percent tion of Percent tion of 
Cut Percent SiOa the SiOa CaCOa the CaCOa CaFs the CaFs RaOa the RaO~~ 
1 0.82 59.87 1.92 10.11 2.78 22.30 0.27 7.72 1.97 
2 6.36 61.70 15.31 6.90 14.72 23.90 2.23 7.50 14.90 
3 9.93 42.78 16.57 4.57 15.22 47.41 6.90 5.24 16.26 
4 10.53 31.60 12.98 3.52 12.43 61.76 9.54 3.12 10.26 
5 17.86 26.82 18.68 2.88 17.25 67.32 17.63 2.98 16.63 
6 9.77 25.09 9.56 2.71 8.88 69.73 9.99 2.47 7.54 
7 16.44 20.05 12.86 2.23 12.30 75.39 18.18 2.33 11.97 
8 1b.26 15.94 6.38 1.94 6.68 79.84 12.02 2.28 7.31. 
9 6.91 12~34 3.33 1.68 3.90 84.04 8.52 1.94 4.19 
10 4.60 8.17 1.46 1.26 1.95 88.67 5.98 1.90 2.73 
11 5.S1 3.78 .86 1.57 3.06 91.80 7.82 2.85 5.17 
12 .71 3.45 .09 3.50 .83 88.22 .92 4.83 1.07 
100.00 25.64 100.00 2.98 100.00 68.18 100.00 3.20 100.00 
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Table Spigot :Percent Percent Percent Percent Si02 CaC03 CaF2 R2 03 
Method of Analysis 
4 15 13.64 1.73 84.63 
---
Heavy liquid 
9 15 10.81 2.59 84.33 2.26 Chemical 
4 25 24.11 1.88 74.01 
---
Hea.vy liquid 
11 25 25.64 2.98 68.18 3.20 Chemical 
1..., 
In the above notation we have a very good comparison of the 
heavy liquid method of analysis to that of the chemical. The error 
is due almost entirely to mixed crystals. ~ne fact that the heavy 
liquid method is not as accurate as the chemical method of ana.lysis 
was knovrn. before this work was begun, but,' it is a. much more rapid 
method and is accurate when used only for purposes of comparison. 
Since comparison of the various spigot products to one another was 
the important feature of this work, it was adapted. Approximately 
2000 determinations were nade by the heavy liquid method .. which 
would have required more time by the chemical method than would have 
been available. When greater accuracy was desired chemical a88~8 
were made; these totaled about two hundred. 
As shown, tabling classified products, even though these 
products mAY be extremely fine, ~roves the gra.de of the ore, but 
the perc~ntage recovery of the acid grade is very small. Therefore, 
classification and tabling must be considered as conditioners of the 
ore preparatory to a final treatment when acid spar is sought. 
- 83-
Decrepitation .. 
Decrepitation was tried as the final process for material 
coarser than 35 mesh. Spigot Products 1, 2, and 3 were tabled and 
the concentrates were decrepitated. The decrepitation was made on 
an electric hot plate with a cover to confine the decrepitating 
chare;e. The plate itself was at an estimated tEmpera.ture of 700 0 c. 
The ore \V&s stirred frequently wnile being decrepitated. About 
twenty minutes was required to conclude the decrepitation. 
After the ore co~led it was screened on a 35 mesh screen. 
The minus 35 mesh material was eaJ.led "first concentrate. rt The plus 
Size was again decrepitated and screened. The minus 35 mean grains 
from the second decrepitation was called "second concentrate." 
The ore before decrepitation ass~ed as follows: 
1.16 per cent 
Si02 2.44 per cent 
96.40 per cent. 
The percentage recovery and grade of products made is 
shown in Ta.ble XIII. The silica. con:tent Of the concentrates is very 
low. All the assays were made by the hea.vy liquid method. 
Table XIII. Grade of Fluorspar Concentrates Y~de by Decrepitation. 
Weight Percent Percent Percent Product Percent SiOs Ca.OOs Ca.F~ 
First concentrate 77.48 0.40 0.78 9a.32 
Seoond concentrat . 6.31 .50 .98 97.97 
Tailings 16.21 11.00 7.08 79.12 
... 
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The probable cause for the necessity of "re-decrepita-
tion't was the imperfection of the furnace used. 
i'lotation. 
It is quite apparent that before any of the above methods 
can be adopted it will be necessary--at least in part--to recover 
fluorite i'rom the fine ma.terial. It was with this in mind that all 
attention was turned toward flotation. 
A lOa-pound sample of log-washed gravel fluorspar was taken. 
It showed by exa~nation that the mineral broke free at 100 mesh. 
The ore assa.yed as followst 
1.73 per cent 
27.90 per cent 
67.94 per cent 
ReOs 2.43 per cent. 
A Case flotation machine, manufactured by the Denver Fire 
Cla.y Company, Denver, Colorado, was used in this part of the inves-
tigation. This machine was operated at an impeller speed of 1350 
r. p. m. a.nd with a. oha.rge of 500 grams of ore a.nd 2000A~C. of wa.tar. 
The ora was crushed to 100 mesh in a disc pulverizer. It 
was then placed in the flotation cell with distilled water and a.gi-
tated until thoro~lly mixed before the first charge of flotation 
reagents was added; then ~gain agitated a few minutes before &n1 
froth was drawn off. A seoond oharge of reagents was added after 
approximately five minutes and a third charge after another period of 
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Figure 7. Case ~lota.tion Machine. 
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I 
similar length.. The period between charges was dependent on the 
character of the froth and. the amount of material carried over the 
lip of the maChine. Thus, by adding the reae-,13nts in this manner 
the reagent concentration was kept fairly constant, although i~ 
was necessary to add water to the cell from ti~e to time in order 
to maintain the pulp level necessary for operation. 
Oleic acid, heavy crude oil, pine oil, sodium oleiate, 
sodium silica.te and sodium carbonate were used as reagents. The 
sodium oleiate wa.s diluted to a five per cent solution and the 
sodium silicate and carbonate to a ten per cent solution. After 
many runs, using various rea.g-ents, the above named reagents gave the 
best results by using the quantities as indics.ted in Table XIV: 
Table XIV. Flota.tion Reagents Per Charge. 
Charge Rougher Cell Reagents Clea.ner cell Reagents 
Oleic Sodium Heavy Sodium Pine Oil Sodium Sodium Sodium 
Acid 01eiate Crude Silicate S. Dis. Carbonate Silicate Carbonate 
drops drops drops drops drops drops drops drops 
1 4 3 1 10 1 10 15 10 
2 2 2 1 4 1 4 
3 1 1 - 4 - 4 
The assay of the products using the flotation rea.gents listed 
in the above table are given in Table XIV-A following: 
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Table XIV-A. Assay Re~~lts of Flotation Products Using Rea@9nts in Table XIV. 
Weight Assay Distribu- Assay Diistribu- Assay Distribu- Assay Distribu-Product Percent tion of Percent tion of Percent tion of' Percent tion of' Percent SiOa the Si02 CaCOz the CaCOs CaFa the CaFa RaO• the RaO. 
Concentrate 52.61 2.76 5.20 0.49 14.89 96.03 74.36 0.72 15.59 
Middling 24.90 38.85 M.68 2.05 29.49 54.53 19.99 4.57 45.83 
Ta.iling 22.49 74.58 60.12 4.28 55.62 17.08 5.65 4.06 37.58 
Composite 100.00 27..90 100.00 1.73 100.00 67.94 100.00 2.43 100.00 
The following test is identical with the preceding experi-
ment except that the charge was ground in an Abbe pebble mill. 
Table rY. Flotation Rea.gents Per Charge. 
Cleaner Cell 
Rougher Cell Reagents Rea?;6nts 
Charge Oleic Sodium Iieavy Sodium Pine Oil Sodium S6dium Sodium 
Acid Oleiate Crude S::'1ica.te s. Dist~ Ca.rbonate Silicate Ca.rbonate 
drops drops drops drops drops drops drops drops 
1 4: 3 1 10 1 10 15 10 
2 2 2 1 4: 1 4 
3 1 1 - 4 - 4 
i 
~le assay of the products using the flotation reagents listed 
in rrable X:V 'are given in Tanle "'J:V-A folloVling"1 
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Weight Assa.y Distribu- Assa.y Distribu- Assay Distribu- Assay Distribu-Percent tion of Percent tion of Percent tion of Percent tion of Percent SiOa the Si02 CaCOa the Ca.COs CaFs the CaFs RaOa the R2 03 
56.07 0.60 1.21 0.57 18.47 98.23 81.07 0.60 
17.76 33.24 21.16 1.93 19.81 61.69 16.12 3.14 
r- 26•17 82.75 77.63 4.08 pl.72 7.29 2.81 5.88 
100.00 27.90 100.00 1.73 100.00 67.94 100.00 2.43 
Since the only difference between the two preceeding experi-
menta was in the meti1.od of grinding. it is seen tbat grinding in an 
Abbe mill produces a pulp more adaptable for flotation. 
The latter test resulted in the production of an "acid grade" 
fluorspar with a good recovery (81.07 per cent) of the fluorite in the 
concentrate. The amount of spar left in the tailings was very low 
(2.81 per cent) and it is probable that the middlings ~roduced in the 
cleaning treatment could be re-treated with results similar to those 
" obtained on the original feed. 
Laboratory flotation tests have indicated that it is possible 
"bo produce an acid grade spar by this ~thod. Good recoveries have 
been made but before this math.od ca.n be a.pplied sucoessfully on a oom-
meroial basis a number of lactors must be investie;a,ted. One of the 
most important is the type of water to be used in the mill operation. 
Hard water may consume an excessive amount of rea.gent, particularly 







The treatment of the fines in fluorspar ores has always 
been a problem due to the inability of making a marketable product. 
In the past the fines have largely gone to waste. The purpose of 
this investigation was primarily to find some method of milling 
the fine sized waste into a fancy grade of concentrate--acid spar. 
The scope was further extended to make acid spar from the ordinary 
run of ores. 
Taillings from the 81 udge pond of the Haffaw Ifill, Mexico, 
Kentuclcy , constituted the princi. pal part of the material used in 
this investigation. These tailings contain approximately 80 per 
cent fluorite, but in spite of this high mineral content are value-
less, being too fine to be graded up and sold for "gravel Bpar." 
Practically the only market open for fines is for the grade con-
taining 98 per cent calcium fluoride, known as acid spar. ~erefore, 
an attempt was made to produce a concentrate of this grade. This 
gra.de of ore commands a considerable higher price than the gravel 
grade. 
The density ratio of the fluorspar to ga.ngu.e is very small, 
making the ore diffiau.lt to treat by ordinary gravity methods. De-
tailed work in classification was undertrucen to study principles 
a.s well as the amenability of the ore. 
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A small glaas laboratory classifier was used to determine 
the size of fluorite and silica particles having e~ual-falling 
velocities. From the data thus obtained and from tile screen 
analysis of the ore, the theoretical number of spigot s and the ~uan­
tity that each spigot should let down was calculated. Tests on a 
larger scale were then made in wnich a Richards hydraulic classifier 
was used. 
In order to carrpare the products of classification in a 
comprehensive manner, a unique method of plotting the results was 
devised. Two e~ressions: "Mean Meshtt and "Efficiency Number" were 
used to reduce the efficiency of each spigot to numerical terms. 
A number of table tests made an classified feeds indicated 
that it is possible to table classified material of a size much 
finer than formerly supposed. Although the possibility of benefi-
ciating the ore markedly by tabling classified feeds was proven, it 
is doubtful if a great amount of acid spar can be made by this me-
thod except in the treatment of very high grade ores crushed not 
finer than 20 mesh-0.83 mm. 
Decrepitation was also tried as a naans of producing an. 
acid spar. Material coarser than 35 mesh could be treated by this 
method a.nd about 75 per cent of the fluorite graded up to acid grade. 
Although acid spar was produced about 25 per cent of the fluorite 
remained in the tailings. Such a method would be of no value in 
treating ma.terial finer than. 35 mesh. 
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Excellent results were obtai ned in the laboratory in the 
flotation of fluorspar. .Acid grade spar was made from a. sample con-
taining 28 :per cent silica. The recovery of spar was a.lso good; 
81 per cent of the spar being contained in the concentrate, 2.8 per 
cent in the "tailings, and the balance in the middlings. It is 
probable that successful re-treatment of the middlings can also be 
accomplished. 
While it is likely that a number of difficulties will have 
to be overcome before f'lotati on can be applied commercially, it is 
believed that the method has many possibilities, eq?ecially in the 
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